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PEPTIC ULCER: THE EFFECT OF ANTICHOLINERGIC DRUGS 
ON THE MECHANISM OF PAIN 


By Wa Ter L. PALMER, M.D. 


FIRMIN VANSTEENHUYSE, M.D.* 


AND 


Joseru B. Kirsner, M.D. 


(From the Frank Billings Medical Clinic, Department of Medicine, University of Chicago, 
Chicago, Illinois) 


THE purpose of this study was to 
investigate the effect of banthine and 
other anticholinergic drugs on the 
mechanism of pain in peptic ulcer. 


Experimental. Patients were selected who 
had an active peptic ulcer with definite spon- 
taneous pain of at least moderate severity. 
To prove that the ulcer was sensitive an acid 
test consisting of the administration through 
a Levine tube while fasting of 200 cc. of 0.5% 
solution of hydrochloric acid was performed. 
When pain appeared, the stomach was 
emptied. An anticholinergic drug in an aque- 
ous solution was then injected intramuscu- 
larly. The criteria for a full effect of the drug 
were a definite rise in the pulse rate and, in 
some, the appearance of other side effects 
such as dryness of the mouth or blurring of 
the vision; these appeared usually in 30 min- 
utes or so. Another 200 cc. of 0.5% hydro- 
chloric acid were then injected into the 
stomach. The patient was asked to compare 
the persistent or recurrent pain with that 
present before the drug was injected. The 
patient was not informed of the effect ex- 
pected. In most instances, a control experi- 
ment was performed using plain water. The 
drugs used were Banthine, Prantal, U-0385, 


‘ 


U-0229, and U-0407, the latter compounds 
being new anticholinergic drugs still under 
study, each of which is, in our experience, at 
least as effective as Banthine in its antisecre- 
tory activity. The dosage of the drugs was 
calculated on the basis of body weight. In 
2 experiments in 2 patients with sensitive 
gastric ulcers the behavior of the stomach 
was studied roentgenologically through the 
kind cooperation of Dr. Paul C. Hodges. A 
suspension of barium in 0.5% hydrochloric 
acid was used; the stomach was observed 
with and without pain, before and after ad- 
ministration of the drug. 

In all, 26 experiments were performed on 
18 patients, 16 males and 2 females, varying 
in age from 23 to 62 years. The localization 
of the ulcer was as follows: 


Duodenal 1l 
Gastric 5 
Stomal 1 
Pyloric 1 

Total 18 


Results. The results are divided into 
3 groups depending on whether the 
patient had the same or more pain 
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after the drug was given, less pain, or 
no pain. As can be seen from Table 1, 


TABLE 1.—RELATION OF ULCER SITE 
TO INDUCTION OF PAIN AFTER 
ANTICHOLINERGIC DRUG 


Same or 
No.of More Less No 
Site Studies Pain Pain Pain 
Duodenal 14 10 1 3 
Gastric 10 8 2 0 
Pyloric 1 1 0 0 
Stomal 1 1 0 
Total 26 20 $8 3 


in 20 of the 26 experiments the patients 
had the same or more pain after the 
drug was given; in 83 experiments, 
there was definite ulcer pain of lesser 
severity; in 3 there was no pain. Thus 
pain was induced after the administra- 
tion of the anticholinergic drug in 23 
of 26 experiments. Appraisal of the 
results on the basis of the localization 
of the ulcer discloses that the 8 failures 
all occurred in patients with duodenal 
ulcer. It is apparent in Table 2 that 


TABLE 2.—ANTICHOLINERGIC DRUGS 
AND INDUCTION OF ULCER PAIN 


No. of Same or 


Experi- More Less No 

Drug ments Pain Pain Pain 
Banthine 13 11 1 1 
U-0385 6 5 1 0 
U-0220 3 2 0 1 
U-0407 2 1 1 0 
Prantal 2 1 0 1 


none of the drugs desensitized the pain 
mechanism; it still responded to the 
stimulus of hydrochloric acid in the 
customary manner. 

Four experiments are illustrated in 
Fig. 1 to 4. In each, the severity of 
the pain produced by the injection of 
acid is approximated on the basis of 


presence of an anticholinergic effect is 
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indicated by the rise in the pulse rate. 
Fig. 1 and 2 are experiments made in 
2 patients with duodenal ulcer uncom- 
plicated except for recent massive 
hemorrhage in one; the spontaneous 
pain present on admission to the hos- 
pital was moderately severe to severe 
in both. In the experiment shown in 
Fig. 1, there was a lag of 10 minutes 
between the initial injection of the 
acid and the appearance of pain, 
whereas after the administration of the 
anticholinergic drug, the introduction 
of acid was followed by the appear- 
ance of pain in 4 minutes. In the ex- 
periment shown in Fig. 2, on the other 
hand, the first injection of acid pro- 
duced pain at once, whereas after the 
drug, 20 minutes elapsed without pain; 
a second injection of acid immediately 
evoked pain. The correct explanation 
of this delay seems to us to be an 
inhibition of gastric emptying; pain 
results only after the surface of the 
ulcer has been bathed with acid for 
an adequate period of time. 

The validity of this interpretation is 
substantiated by the experiment shown 
in Fig. 3. The patient, M.R., had a 
highly sensitive uncomplicated du- 
odenal ulcer with severe spontaneous 
pain. An initial acid test was positive, 
but after the administration of an 
anticholinergic drug (Prantal), a sec- 
ond acid test was negative; one of 
the 3 negative experiments. At the 
end of the experiment 250 cc. were 
aspirated from the stomach, whereas 
only 200 cc. had been injected; ap- 
parently no emptying took place dur- 
ing the period of the experiment, 35 
minutes. On the following day, a tube 
with a mercury bag was placed in the 
second portion of the duodenum. As 
may be seen in Fig.,3, the passage of 
the tube into the duodenum, accom- 
panied presumably by the highly acid 
fasting secretion known to be present 
evoked pain which gradually de- 
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INDUCTION OF ULCER PAIN BY HCL (0.5%) BEFORE 
AND AFTER ANTICHOLINERGIC DRUG 
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INDUCTION OF ULCER PAIN BY HCL (0.5%) BEFORE AND 
AFTER ANTICHOLINERGIC DRUG 
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INDUCTION OF ULCER PAIN BY INTRADUODENAL INJECTION OF HCL (0.5%) 
BEFORE AND AFTER ANTICHOLINERGIC DRUG 
M.R. 401163 DUODENAL ULCER 
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++++--110 
putt 
+++}— 100 | 
++f-90 | 
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70 | | 
TIME IN HOURS......0 1 
50 CC HCL 50CC 
HCL 
Fig. 3 


INDUCTION OF ULCER PAIN BY HCL (0.5%) BEFORE AND 
AFTER ANTICHOLINERGIC DRUG 
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creased in severity; the pain was Time Procedure Pain 
greatly increased by the intraduodenal 4:15 Stomach emptied—200 cc 
- liquid. 200 cc. barium sus- 
injection of acid. After the adminis- pended in 0.5% HCl (pH 
tration of Prantal, pain of the same 0.9) ie a 
severity was produced by the intra- 4.20 Severe pain continues +++ 
duodenal injection of acid, although 4:30 Same 4 
more time and more acid were re- 4:20-4:40 Roentgen-ray: Fig. 5, ex- 

: posures a, b, and c 50 mg. 
quired. It seems to us that these banthine intramuscularly +--+ 
variations are probably due to unex- 5:00 Pain decreasing 44 
plained differences in the ease with 5:10 Little pain + 
which the surface of the ulcer was oo ie pain 0 
bathed with the acid solution; cer- acid barium sus- 9 
tainly the pain mechanism itself was 5.30 Severe ulcer pain 444 
not influenced. A similar explanation 5:30-5-33 Roentgen-ray: Fig. 5, ex- 
probably applies to the slight delay posured +++ 
noted in the experiment depicted in 4° _ decreasing ++ 
Fig. 4, performed in a patient with a_ ¢.)= Pain gone 0 


highly sensitive gastric ulcer. It is sig- 
nificant that in none of the 10 exper- 
iments in patients with sensitive gastric 
ulcers was there a failure in inducing 
pain with acid; the longest delay was 
10 minutes. We interpret this delay 
not as evidence of desensitization but 
rather as the time required for the acid 
to effect stimulation adequate for the 
production of pain. 

The protocol of one experiment 
made to study the stomach during 
pain, before and after Banthine, is 
recorded herewith in some detail. The 
patient was a 62-year old male with 
an ulcer history of 7 years’ duration. 
He had a highly sensitive gastric ulcer 
subsequently proved histologically to 
be benign. On admission his pain was 
almost continuous unless or until it 
was relieved by food, antacid, or by 
washing the stomach. Adequate neu- 
tralization of the acid invariably re- 
lieved the pain: 


Time Procedure Pain 
4:00 p.m. Stomach aspirated—80 cc. 

dark brown fluid, free acid 

present 0 
1:07 200 cc. 0.5% HCl injected 

by tube (pH 0.9) 0 
4:09 A little pain + 
4:12 Sharp ulcer pain ++ 


The production of pain by means of 
the acid solution is self-evident. Ex- 
posures a, b, and c in Fig. 5 clearly 
show that there was no significant ab- 
normality of the gastric motor function 
during the presence of pain. In a and c 
the ulcer crater filled with barium is 
clearly shown. The antrum is in vari- 
ous phases of filling and of emptying. 
In exposure b and c, the pylorus is 
wide open and the duodenal bulb is 
well filled; certainly there is no evi- 
dence of “pylorospasm” as the cause of 
the pain. Similarly, there is no evidence 
of spasm or abnormal motility in the 
body of the stomach, the antrum, or 
the duodenum. The possibility of 
spasm in individual muscle fibers about 
the ulcer is not excluded, although 
some roentgenologic evidence against 
this hypothesis was offered in a previ- 
ous publication’; there is, on the other 
hand, no direct evidence proving the 
hypothesis. It will be noted from the 
protocol that, following the administra- 
tion of Banthine, the pain gradually de- 
creased, disappearing completely at the 
end of 35 minutes and requiring the 
introduction of another 200 cc. of the 
acid barium suspension to make it re- 
appear, as it did quite promptly and 
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quite severely. What is the explanation 
of this sequence of events? The prompt 
reappearance of pain with further in- 
jection of said barium shows clearly 
that the pain mechanism was sensitive. 
The disappearance of the pain may 
have been due to relaxation of the 
stomach and the falling away of the 
acid solution from the surface of the 
ulcer. Serum may quickly have covered 
the nerve endings. Experience with the 
acid test has shown, furthermore, that 
with the passage of time, the pH of the 


Discussion. Bonniger* in 1908 found 
that the introduction of 100 to 200 cc. 
of a N/10 solution of hydrochloric acid 
into the stomach of a patient with a 
sensitive peptic ulcer produced pain. He 
suggested the use of this procedure as 
a diagnostic test for peptic ulcer. In 
192614 one of us, not aware of Bonnig- 
er’s earlier work, observed that in pa- 
tients with active sensitive peptic ulcer, 
pain can be induced under proper cir- 
cumstances by the injection into the 
stomach of dilute solutions of hydro- 


PAIN PRESENT 


AFTER 


BEFORE BANTHINE 


BANTHINE | 


Fic. 5.—The appearance of the stomach with gastric ulcer during pain before and after the 

administration of Banthine, 50 mg.I.M. The crater is clearly seen in views a, c, and d. At- 

tention is called to the absence of abnormal motor activity. In views b and c, the antrum is 

only partially contracted, the pylorus is open, the duodenal bulb is well filled. Exposure d, 
taken after Banthine but during pain, discloses no significant difference. 


content gradually rises and the acidity 
falls as the stomach empties the acid 
barium into the duodenum; the in- 
tensity of the stimulus thus decreases 
and pain disappears. With the adminis- 
tration of more acid barium the pain 
recurred, again showing that the pain 
mechanism itself was intact; exposure 
d of Fig. 5 was taken at this time. It 
might be alleged that the pain in this 
instance is attributable to the penetrat- 
ing nature of the lesion; however, the 
pain decreased spontaneously; it was 
relieved by food; it was invariably 
found to be associated with the pres- 
ence of free acid and relieved by neu- 
tralization of the acid. 


chloric acid. The relative roles of me- 
chanical and chemical factors in the 
production of such pain were studied 
with the conclusion that acid gastric 
juice not only causes the ulcer and the 
inflammation present, but it lowers the 
pain threshold in the nerve endings 
and is itself the usual stimulus for the 
pain!*.15, This work was basically con- 
firmed and amplified by Bonney and 
Pickering? in 1946, who also demon- 
strated radiologically that the pain is 
not attributable to generalized or local- 
ized contractions of stomach or duo- 
denum. In 1932, during an operation 
under local anesthesia, a peptic ulcer 
was shown to be directly sensitive to 
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both chemical and mechanical trauma; 
a contraction ring in the stomach itself, 
however, did not produce pain’. This 
observation was confirmed recently by 
Bentley? in that the ulcer itself was 
sensitive to mechanical stimulation 
whereas the intact gastric wall was not. 

It is interesting to note that these 
findings are quite in accord with other 
studies indicating that the ulcer pain 
arises in the lesion itself rather than 
elsewhere in the stomach or duo- 
denum*. In Bentley’s? studies on viscer- 
al pain “the exposed ulcerated stomach 
or duodenum was sensitive to pressure, 
to pin prick, and to chemical stimula- 
tion. The non-ulcerated stomach wall 
was insensitive to the stimuli.” Wolf 
and Wolff'* showed clearly in the 
studies of their patient, Tom, that in- 
fiammation lowers the pain threshold. 


We attempted to induce acute inflam- 
mation in an area of gastric mucosa... . In 
order to eliminate the protective action of 
the mucus coating, 1 N hydrochloric acid 
was allowed to fall on the mucosa at the rate 
of 12 drops a minute for 15 minutes. . . . The 
mucus was aspirated away and powdered 
mustard was then applied directly to the 
mucosa. The dropping of the acid was con- 
tinued in order to neutralize the newly formed 
mucus. After half an hour, that portion of 
the mucosa which had been subjected to this 
procedure was intensely red, boggy, and 
edematous. The control side was unchanged. 
Both areas were then stimulated by pinch- 
ing and faradic current. As before, no pain 
occurred in the control area, but in the 
region rendered edematous and inflamed in- 


tense pain occurred with application of the 
stimuli. 


It is thus clear that a localized inflam- 
mation may lower the pain threshold 
so that stimuli otherwise painless be- 
come painful. In the case of peptic ul- 
cer the inflammation is due to the acid 
attack upon the mucosa; the inflamma- 
tion lowers the pain threshold; the 
usual stimulus for the induction of ul- 
cer pain is acid gastric juice. Other 
stimuli, such as peristalsis, may also in- 
duce pain in inflamed sensitive lesions. 
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In general these observations are in ac- 
cord with “the concept that an ade- 
quate stimulus for pain is tissue in- 
jury’®. Apparently the inflammatory 
change induced in the ulcer by acid 
gastric content lowers the pain thres- 
hold so that chemical and mechanical 
stimuli are adequate to evoke pain. 
Splanchnic nerves apparently provide 
the pathway for the transmission of the 
pain impulses from the peptic ulcer to 
the central nervous system because the 
mechanism may remain intact after 
bilateral section of the vagi®. 

Despite the accumulated evidence 
many workers continue to think that 
ulcer pain is due primarily to a motor 
disturbance, spasm, hyperperistalsis or 
lack of coordination of the peristaltic 
waves. If this were true, one would ex- 
pect anticholinergic drugs not only to 
relieve the pain but to desensitize the 
pain mechanism, at least temporarily! 
5,612, In 17 of our 26 exveriments the 
pain induced by hydrochloric acid after 
the administration of the anticholiner- 
gic drug was the same as that induced 
without the drug; in 3 experiments it 
was less severe; in 3 it was more severe. 
These minor variations seem attributa- 
ble to alterations in the sensitivity of 
the ulcer, the intensity of the stimulus, 
or its duration. 

What is the explanation of the 3 
failures to induce pain with acid after 
the administration of an anticholinergic 
drug? In one instance, as has been 
mentioned earlier, the same experi- 
ment was repeated the next day with a 
tube in the duodenum. Pain was then 
produced showing that the drug had 
not desensitized the pain mechanism. 
It is significant that all 3 failures oc- 
curred in patients with duodenal ulcer, 
whereas no patient with a sensitive gas- 
tric ulcer failed to have pain after the 
anticholinergic drug. Chapman’, study- 
ing the upper intestinal motility with 
a multiple balloon kymograph, found 
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that Banthine caused a striking de- 
crease in propulsive and total contrac- 
tions and a slight to moderate decrease 
in tone. Douthwaite and Thorne® 
proved that hexamethonium bromide, 
an older anticholinergic compound, in 
9 out of 10 patients delayed the onset 
of gastric emptying of a barium meal 
for periods up to 30 minutes. They also 
found the duodenum and upper jejun- 
um dilated and immobile. Consequent- 
ly it seems reasonable to conclude that 
our 3 failures are attributable to im- 
proper emptying of the stomach, or in 
a broader sense, to failure of the acid 
to come into contact with the ulcer. 
This explanation also accounts for the 
fact that in some experiments there was 
a delay in the appearance of the pain 
after the drug in comparison with the 
control test. In some instances it was 
necessary to give an additional 200 cc. 
of hydrochloric acid to produce the 
pain. It should be noted that in one 
such patient the resulting pain was 
even sharper than the original pain, 
thus proving that the delay had noth- 
ing to do with the pain mechanism it- 
self, but rather to a motor disturbance 
preventing the acid from reaching the 
ulcer. 

Banthine and similar anticholinergic 
compounds are alleged to have a block- 
ing effect on the vagus nerve produc- 
ing a pharmacodynamic vagotomy. 
Dragstedt® and co-workers showed, 
however, that “the introduction of a 
solution of hydrochloric acid into the 
stomach during the first 3 or 4 days 
after the operation (vagotomy) pro- 
duces the pain that was experienced 
before with its previous intensity.” 
Hence, even if the Banthine did ac- 
complish a “medical vagotomy,” which 
it does not do, it still could not be ex- 
pected to block the pain mechanism. 
Similarly, if ulcer pain were due to a 
motor disturbance relieved by vagal 
inhibition by means of relaxation of 


gastric or duodenal musculature, one 
would expect vagotomy to abolish the 
mechanism, but it does not do so. 

How is the relief of pain observed 
after the use of Banthine and other 
anticholinergic drugs to be explained? 
It seems to us to be quite simple. The 
inhibition or decrease in gastric per- 
istalsis and tone decreases the rate of 
gastric emptying and thus decreases 
the “acid attack” upon the ulcer, duo- 
denal and anastomotic. There is some 
decrease in the secretion of acid fur- 
ther lowering the “acid attack.” The 
results are a decrease in the inflamma- 
tory process, an elevation of the 
lowered pain threshold, and a de- 
creased exposure of the nerve endings 
to the acid stimulus. Thus the lesion be- 
comes insensitive both to the normal 
stimulus of acid gastric juice and the 
“acid test,” and also to the mechanical 
factors such as peristalsis, which, under 
appropriate circumstances may evoke 
pain. 

After the completion of our experi- 
ments, 3 additional studies came to our 
attention. The negative results of 
Winkelstein!? seem to us attributable 
to the mechanisms described in this 
paper. Hightower and Gambill’® 
studied the relationship between pain 
and antral motility, using a balloon 
filled with water and a kymographic 
technique. Some correlation between 
pain and motility was observed, but no 
attention was paid to the gastric acidity. 
In the experiments reported by Leger- 
ton, Texter and Ruffin™!® there are 
some observations difficult to under- 
stand. Certainly the close relationship 
between a “certain type of gastric motor 
activity’ and pain is foreign to our 
experience. The conclusion is reached 
that “abnormal motility is the funda- 
mental mechanism through which ulcer 
pain is produced. For the production 
and perception of ulcer pain, there 
must be, one, a stimulus (HCI and 
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others less well understood); two, al- 
tered gastro-duodenal motility; and, 
three, an intact sensory pathway to the 
cerebral cortex”!®, The discussion, 
therefore, reduces itself to the question 
as to whether or not abnormal motility 
is the “fundamental mechanism.” For 
reasons already stated, we think the 
ulcer itself is the fundamental mech- 
anism and the source of the pain, 
that acid gastric juice produces the 
lesion and the inflammation, that in 
this way it lowers the pain threshold, 
and that by the direct effect of acid on 
the nerve endings in the ulcer it con- 
stitutes the usual stimulus for the pro- 
duction of pain; peristalsis, spasm and 
other mechanical factors play secondary 
roles. 

Summary. In 26 experiments in 18 
patients, an acid test was performed 
before and after the administration of 
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an anticholinergic compound. In 23 of 
the experiments the anticholinergic 
drug failed to prevent the induction of 
pain. The 3 negative experiments oc- 
curred in patients with duodenal ulcer. 
In one such experiment the procedure 
was then modified and repeated using 
a tube in the duodenum; pain de- 
veloped. Roentgenologic studies using 
acid barium before and after the ad- 
ministration of an anticholinergic drug 
disclosed no direct relationship be- 
tween pain and gastric or duodenal 
motility or spasm. 


Conclusion. Anticholinergic drugs do 
not alter directly the mechanism of 
pain in peptic ulcer. The relief of pain 
observed clinically is probably attrib- 
utable to an indirect effect resulting 
in decreased exposure of the ulcer to 
the acid attack. 
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Ir has been reported that SKF-1637 
(scopolamine-n-bromobutylate ), a quat- 
ernary ammonium derivative of scop- 
olamine, has marked spasmolytic prop- 
erties®.®. Release of pilocarpine induced 
muscle spasm and inhibition of the ef- 
fects of electrical stimulation of the 
vagus nerves in experimental animals 
have been observed following its use’. 
The effect of the drug on salivary 
secretion and pupillary response is 
minimal, being 50 times weaker than 
that of atropine. However, it has a 
more potent curare-like action than that 
exhibited by atropine, with no signif- 
icant effect upon the blood pressure or 
pulse rate. 

Cessation of peristaltic activity of 
the stomach and small intestine follow- 
ing parenteral administration has been 
reported®>, Studies on gastric secre- 
tion indicate that 15 mg. of 1637 in- 
travenously inhibit hydrochloric acid 
production following alcohol stimula- 
tion*. Heinkel treated 33 ulcer patients 
and reported good results in 27, with 
no side effects®. 

There are here reported our obser- 
vations on the effect of SKF-1637 on 


gastric motor and secretory activity in 
6 normal individuals and in a series 
of patients with duodenal ulcer. 
Studies of Gastrointestinal Motility. 
A. FoLtLowrnc OrAL ADMINISTRATION. 
The 6 subjects tested in this study had 
no evidence of disease of the gastroin- 
testinal tract. The esophagus, stomach 
and small intestine were examined by 
fluoroscopy and by roentgenogram at 
the time of ingestion of the barium 
meal and at intervals of 1, 2, 4 and 6 
hours thereafter?. This procedure was 
repeated in each case after one week 
of daily oral administration of 50 mg. 
of SKF-1637 at 6-hour intervals. The 
Roentgen ray study was begun within 
one hour after the last dose of the drug. 
No effect of SKF-1637 upon the eso- 
phagus was observed in these 6 sub- 
jects. The motility of the stomach was 
decreased in one case and small intes- 
tinal transit time was significantly in- 
creased in 4. There was no dilatation 
or change in contour of the stomach 
and the emptying time was not signi- 
ficantly altered following oral admin- 
istration. In 2 subjects (Cases 3 and 
5) no change in gastrointestinal motil- 


* This study was supported in part by a grant from the Smith, Kline & French Laboratories. 
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ity was observed following administra- The drug was given intramuscularly in 
tion of the drug (Table 1). 6 patients and intravenously in one 


) B. FoLLOwiInG PARENTERAL ADMINIS- _ patient. 
TRATION. Gastrointestinal motility was The motility of the stomach and 
evaluated in 7 patients following ad- small intestine ceased completely 
ministration of 20 mg. of SKF-1637. within 4 to 11 minutes (mean 6.5 min- 
TABLE 1.—EFFECT OF ORAL SKF-1687 ON GASTROINTESTINAL MOTILITY 
IN NORMAL CONTROLS 
50 mg. every 6 hours for an 8 day period. 
Esophagus Stomach Small Intestine 
1. PM. No effect No effect Marked delay 
in transit 
Decreased Moderate delay 
peristalsis in transit 
$. E.P. . No effect No effect 
4: ee. Marked delay 
in transit 
5. M.S. No effect 
6.. J.P. Moderate delay 
in transit 
y in 
Ties 
lity. 
ION. 
had 
‘oin- 
by 
n at 
rium 
ond 6 
was 
IMMEDIATE 
mg. | 
The | 
ithin 
Jrug. 
 eso- 
sub- 
| was 
intes- 
y in- 
‘ation 
mach 
signi- 
dmin- 3 HOUR 4 HOUR 
3 and 
motil- lic. 1.—Films immediately after administration of 20 mg. of SKF-1637 (intramuscularly) and at 
hourly intervals, showing marked delay in gastric evacuation. 
atories. 
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utes) following either mode of admin- 
istration. Gastric evacuation was mark- 
edly delayed, there being 100% reten- 
tion at one hour and approximately 75% 
retention at 3 hours (Fig. 1). Although 
peristaltic waves could be demonstrated 
at the end of one and 2 hours, these 
were ineffective and resembled the 
waves seen in the _ post-vagotomy 
stomach. There was no dilatation of the 
stomach in a single case. When the pa- 
tient was placed in the recumbent right 
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The volume of the 12-hour night se- 
cretion was reduced in 7 of the 8 pa- 
tients. The mean control volume was 
557.5 cc. and the mean volume after 
SKF-1637 was 333.6 cc., a mean reduc- 
tion of 40.4%. 

The free acid production as meas- 
ured in mg. of hydrochloric acid per 
hour was reduced in 5 patients, un- 
changed in one, and higher in the re- 
maining 2 patients following intramus- 
cular administration of SKF-1637. The 


TABLE 2.—EFFECT OF PARENTERAL SKF-1637 ON GASTROINTESTINAL MOTILITY 


Diagnosis Dose 
A. WY. Duodenal ulcer 20 mg. 
2. H. M. Perforated 20 mg. 
walled off 
duodenal ulcer 
ae Perforated 20 mg. 
walled off 
gastric ulcer. 
Carcinoma 
of pancreas. 
Functional 20 mg. 
5. W.R Duodenal ulcer 20 mg. 
6. E.T Perforated 20 mg. 
walled off 
duodenal ulcer 
7. a. Duodenal ulcer 20 mg. 


anterior oblique position, the pylorus 
was demonstrated to be patulous. 

Both propulsive and segmental small 
bowel motility ceased in all cases and 
an advance of the head of the barium 
column was not observed until 3 hours 
after injection of the drug (Table 2). 

Studies of Gastric Secretory Activity. 
Eight patients who were hospitalized 
because of an active duodenal ulcer 
were studied. The 12-hour night secre- 
tion and the one-hour basal secretion 
were measured with the results shown 
in Table 


Cessation of Motility 


After Duration of 
Injection Effect 
+t Min. 
I.M. 9 Min. - 
I.M. 11 Min. 100% Gastric 
retention for 
1 to 3 hours 
I.M. 4 Min. 100% Gastric 
retention for 
1 to 3 hours 
I.M. 4 Min. 100% Gastric 
retention for 
1 to 3 hours 
I.M. 7 Min. 75% Retention 
at the end 
of 3 hours 
I.M. 7 Min. 75% Retention 


at the end 
of 3 hours 


mean control hydrochloric acid value 
was 28.8 mg. per hour, while the mean 
value following SKF-1637 fell to 22.9 
mg. per hour, a reduction of 20.5% 
(Chart 1). 

The one-hour basal secretory vol- 
ume was decreased in all 8 patients. 
The mean control value was 38.1 cc. 
for the one-hour sample, while the 
mean value after SKF-1637 was 12.6 
cc., a reduction of 61.9%. The one-hour 
basal hydrochloric acid production 
was markedly decreased in 8 patients 
from a mean value of 14.8 mg. per hour 
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TABLE 3.—EFFECT OF PARENTERAL SKF-1637 ON GASTRIC SECRETION 
12 Hour Night Secretion 1 Hour Basal Secretion 


Volume HCl Volume HCl 
Patient Diagnosis Period 12 hours mg./hour 1 hour mg./hour 
H. M. Duodenal Control 640 20.9 76 13.7 
ulcer 1637 20 mg. I.M. 
q. 6h. X 11 doses 500 15.6 11.6 0.0 
D. A. Duodenal Control 1150 91.0 42.2 41.0 
ulcer 1637 20 mg. I.M. 
q. 8h. X 4 doses 290 34.3 18.0 31.4 
G. B. Duodenal Control 450 22.9 29.3 2.9 
ulcer 1637 20 mg. I.M. 
q. 8h. X 6 doses 300 0.0 0.6 0.0 
F.H. Duodenal Control 140 4.3 3.0 4.4 
ulcer 1637 20 mg. I.M. 
q. 8h. X 2 doses 480 45 .2 0.3 0.6 
J.L. Duodenal Control 800 53.5 6.4 Te i 
ulcer 1637 20 mg. I.M. 
q. 8h. X 6 doses 180 10.4 0.8 0.0 
H. G. Duodenal Control 650 0.0 ef 4.8 
& gastric 1637 20 mg. I.M. 
ulcer q. 8h. X 6 doses 580 51.2 2.8 0.0 
2 Duodenal Control 510 37.5 45 26.9 
ulcer 1637 20 mg. I.M. 
q. 8h. X 6 doses 264 26.2 30.7 3.4 
W. F. Duodenal Control 120 0.7 55.7 23.9 
ulcer 1637 20 mg. I.M. 75 0.7 36.9 0.0 


q. 8h. X 6 doses 


EFFECT OF SKF-1637 UPON 
12 HOUR NOCTURNAL SECRETION 


-CONTROL PERIOD 


-FOLLOWING 1637 


VOLUME (cc.) 


MEAN VALUES—8 PATIENTS 


Cuart 1 


— 


616 TEXTER, BAYLIN, LEGERTON, RUFFIN: 


to 4.1 mg. following SKF-1637, a de- 
crease of 72.1%. In 5 patients, achlor- 
hydria was produced (Chart 2). 
Clinical Observations. A. FoLLOWING 
ORAL ADMINISTRATION. Scopolamine-n- 
bromobutylate was given in divided 
daily dosage of 200 mg. orally to 52 


2 to 3 month period (Table 4). Thirty- 
four of the 37 patients were either 
symptom-free or improved following 
use of SKF-1637. Two patients noted 
no change and 2 became. worse. One of 
these patients showed Roentgen ray 
evidence of obstruction, and a walled- 


EFFECT OF SKF-1637 UPON 
| HOUR BASAL SECRETION 


| GZ — CONTROL PERIOD 


—FOLLOWING 1637 


40+ 


Oo 
oO 
| 
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VOLUME (c.c) 


| 


uo 
| 


HCL (mg ./hr) 


MEAN VALUES-8 PATIENTS 


CHART 2 


TABLE 4.—EFFECT OF SKF-1637 ON CLINICAL COURSE OF 37 ULCER PATIENTS 


Follow-up period of 2-3 months 


Symptom-free 21 


Improved 


No change 


Worse 
Recurrence—9 
Mild 
Moderate 


Severe 


individuals. Six normal students took 
50 mg. of SKF-1637 every 6 hours for 
one week. No side effects were ob- 
served in this group. Forty-six ulcer 
patients were given 50 mg. of SKF- 
1637 at 6-hour intervals daily, and 37 of 
these were followed frequently for a 


Resection—2 


Hemorrhage— 1 


off perforated ulcer was found at oper- 
ation. The other had symptoms of a 
marginal ulcer, which did not improve 
with SKF-1637, and a large indurated 
marginal ulcer with partial obstruction 
was found at operation. Definite recur- 
rence was observed in 9 patients while 
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on the drug. The recurrences were 
classified as mild in 7, moderate in one, 
and severe in the other. One patient had 
symptomatic improvement, followed 
by an episode of painless bleeding, and 
is now symptom-free. Another patient, 
with a duodenal ulcer, had marked re- 
lief of symptoms on SKF-1687, but 
Roentgen rays showed what appeared 
to be a new crater in the channel with 
15% retention at 6 hours. 

The drug was well tolerated and 
side effects were almost non-existent. 
Two patients noted mild dryness of the 
mouth. No other side effects were 
reported. 

B. FoLLOwiInc PARENTERAL ADMINIS- 
TRATION. Scopolamine-n-bromobutylate 
was given parenterally to 24 patients. 
Twenty of these patients with peptic 
ulcers were having severe pain. 
Eighteen patients had complete relief 
of pain within 4 to 10 minutes follow- 
ing 20 mg. intramuscularly. Detailed 
fluoroscopic observations were made in 
3 patients for 30 minutes after admin- 
istration of an hydrochloric acid-barium 
mixture®. Two of these patients were 
having spontaneous ulcer pain which 
was unchanged following ingestion of 
the acid-barium mixture, while the 
third patient developed ulcer pain fol- 
lowing the introduction of acid. Abnor- 
mal motility with delayed gastric emp- 
tying was observed in all 3 patients. 
After the pain pattern was well estab- 
lished, 20 mg. of SKF-1637 were given 
parenterally. Two patients (A.W. and 
H.M.) had prompt relief of ulcer pain 
which coincided with the arrest of 
motility. The third patient (T.P.) had 
only slight relief of pain, despite ces- 
sation of motility. He was found, at 
autopsy, to have carcinoma of the pan- 
creas with metastases, in addition to a 
walled-off perforated gastric ulcer. 

Injections of 20 mg. were continued 
at 6 to 8 hour intervals for several days 
in 13 of these patients with excellent 
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clinical results in 10. Five patients had 
clinical features of posterior penetrat- 
ing ulcers which were refractory to 
usual medical treatment. Two of these 
were completely relieved while the 
other 3 had only partial relief and, 
subsequently, had a gastric resection. 

Few side effects were reported fol- 
lowing a single 20-mg. injection. Some 
patients noted slight blurring of vision, 
and a few patients had slight dryness 
of the mouth. Four patients complained 
of lightheadedness and transient dizzi- 
ness. This was not due to postural hy- 
potension as the blood pressure was 
unchanged. 

The majority of the 13 patients who 
received 60 to 80 mg. daily for several _ 
days noted mild side effects. These con- 
sisted of blurring of vision and dry- 
ness of mouth. Two patients noted 
transient curare-like effects in that dif- 
ficulty was experienced in raising their 
arms following the injection. This was 
not observed when the drug was ad- 
ministered in the gluteal region.. No 
cardiac or urinary difficulties were 
noted. 

Discussion. A new cholinergic block- 
ing agent has been studied and found 
to have a potent effect upon both gas- 
trointestinal motility and _ secretion. 
This effect on motility is similar to that 
reported with other cholinergic block- 
ing agentst®. The changes following 
parenteral administration were more 
striking than those noted after oral 
administration. 

SKF-1637 also was found to exert 
a strong effect upon gastric secretion. 
Basal gastric hydrochloric acid produc- 
tion was decreased 72.3% in 8 patients. 
In 5 patients achlorhydria was pro- 
duced. The effect upon secretion ap- 
peared to be more striking than has 
been reported with similar drugs. 

The follow-up period of 3 months 
on the 87 ulcer patients who were 
treated is too brief to permit evalua- 
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tion. Controlled studies employing a 
similar placebo for a long period on a 
large group of patients would be 
necessary to evaluate the role of any 
drug in the management of a disease 
as variable in its course as peptic ulcer. 
However, several generalizations ap- 
pear warranted. First, the drug is well 
tolerated. In the doses used (50 mg. q. 
6 hr. orally and 20 mg. q. 8 hr. intra- 
muscularly) side effects were essen- 
tially absent on oral administration 
and mild following intramuscular ad- 
ministration. The gluteal area appeared 
preferable to the deltoid area for the 
injection. Second, ulcer pain has been 
relieved following oral administration. 
Third, relief of ulcer pain following 
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the parenteral administration was strik- 
ing. Fourth, as has been noted with 
similar drugs, recurrences under drug 
treatment have been observed. 

Conclusions. 1. SKF-1637 (scopola- 
mine-n-bromobutylate) exerts a pro- 
found cholinergic blocking effect upon 
both gastrointestinal motility and gas- 
tric secretion. 

2. This drug administered parenter- 
ally is highly effective in relieving 
ulcer pain. 

3. Side effects are absent or mini- 
mal following its use. 

4. The role of this drug in the long- 
term management of peptic ulcer is 
yet to be determined. 
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THE INCIDENCE OF CHOLELITHIASIS IN LAENNEC’S CIRRHOSIS 
OF THE LIVER 
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Nor infrequently the question of a 
possible relationship between Laen- 
nec’s cirrhosis of the liver and gall- 
stones arises. If the formation of biliary 
calculi depends upon disturbances of 
liver function with consequent altera- 
tions in the composition of bile, their 
incidence might reasonably be either 
increased or decreased in cirrhosis. A 
search of the literature reveals a pau- 
city of information on the subject and 
the opinions expressed are contra- 
dictory and speculative. Consequently 
a study of the question was deemed ap- 
propriate. 


Materials and Methods. The material used 
consisted of necropsy records of 500 cases of 
Laennec’s cirrhosis of the liver obtained from 
the Pathological Laboratory of Bellevue Hos- 
pital. Only examples of cirrhosis of the Laen- 
nec type were included, all other varieties of 
liver diseases were excluded. As a control 
group, the necropsy records of 500 individ- 
uals without cirrhosis were selected. Since 
the youngest age at which Laennec’s cirrhosis 
was found was 17 years, no control case 
younger than this age was used. All cases of 
diabetes mellitus were excluded from each 
group. 

The cases of Laennec’s cirrhosis diagnosed 
clinically and verified at necropsy, and in 
which histologic examination of the liver re- 
vealed extensive derangement of the lobular 
architecture were designated severe. A num- 
ber of cases were neither suspected nor diag- 
nosed clinically; at necropsy the diagnosis 
was at best only suggested by the gross ap- 
pearance of the liver. When examined histo- 
logically, however, the morphologic criteria 
for the diagnosis were fulfilled. These cases 


were designated as mild cirrhosis. The num- 
ber and the kinds of stones encountered in 
the biliary tract were infrequently recorded. 
However, the types and number of stones 
as recorded suggest that this consideration 
was irrelevant in relation to this study. 
Among the group with cirrhosis, stones 
were found in 4 instances in both the gall- 
bladder and cystic duct; in one instance in 
the gallbladder and common duct; and in 
one instance in the gallbladder, cystic duct 
and common duct. In the remainder of cases 
the stones were limited to the gallbladder. 


TABLE 1.—COMPARISON OF THE INCI- 
DENCE OF CHOLELITHIASIS AMONG 
THOSE WITH SEVERE AND SLIGHT 


CIRRHOSIS AND THOSE WITHOUT 
CIRRHOSIS. 
Severe Mild 
Cir- Cir- Con- 
rhosis rhosis trols 
Males 
No. Cases 367 266 101 367 
No. with Stones 40 Q7 13 39 
Per cent with Stones 10.8 10 12.8 10.6 
Females 
No. Cases 133 103 30 
No. with Stones 28 22 6 Q7 
Per cent with Stones 21 20.1 20 20 
Total 
No. Cases 500 369 181 500 
No. with Stones 68 49 19 66 
Per cent with Stones 18.6 10.8 14.5 18.2 


Results. As shown in Table 1, of the 
500 cases of portal cirrhosis, cholelith- 
iasis was found in 68, an incidence 
of 13.6%. Among the control group of 
those without cirrhosis 66 (13.2%) were 
found to have gallstones. Cirrhosis oc- 
curred in 367 instances in males, 40 of 
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whom (10.8%) had stones. Among the 
133 cases of females with cirrhosis 
there were 28 instances of gallstones, 
or about 20%. The control series yielded 
a sex incidence which was virtually 
identical. 

A consideration of the severity of 
cirrhosis in relation to the frequency 
of cholelithiasis fails to reveal any sig- 
nificant difference. Although the per- 
centage figure for the incidence of 
stones among those with mild cirrhosis 
is somewhat higher (14.5%), the total 
number of cases of severe cirrhosis is 
almost three times greater, while the 
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Discussion. Seldom in the literature 
is there found a discussion of a rela- 
tionship between Laennec’s cirrhosis 
and cholelithiasis. Ratnoff and Patek’, 
in their thorough discussion of portal 
cirrhosis, cited only a single reference 
on this question. The remarkably few 
written opinions have been based on 
incomplete studies and are contradic- 
tory. Klopstock® in 1907, in a study of 
cirrhosis, collected 250 cases, 25 (10%) 
of which were found to have stones. In 
1929, Rolleston and McNee® collected 
200 cases of portal cirrhosis from the 
necropsy files of St. George’s Hos- 


TABLE 2.—INCIDENCE OF CHOLELITHIASIS IN CIRRHOTICS AND NON- 
CIRRHOTICS ACCORDING TO AGE GROUPS 


Group with Cirrhosis 
Total Number Males 


Females Total Number 


Control Group 


Males Females 


Cholelithiasis Cholelithiasis 

Decades No Yes No Yes No Yes No Yes No Yes No Yes 

10-19 2 1 ] 3 -- 1 

20-29 4 Q 1 1 3 1 19 10 - 9 - 

30-39 41 1 31 1 10 = 28 - 12 - 16 

40-49 90 8 58 5 32 3 60 Q 46 | 14 1 

50-59 132 19 102 13 30 6 109 14 94 7 15 7 

60-69 107 18 90 13 17 5 108 24 84 16 24 8 

70-79 45 14 35 6 10 8 80 22 63 13 17 9 
80 and over 11 6 9 | Q 5 Q7 $ 18 2 9 Q 

Totals 432 68 327 40 105 28 434 66 328 39 106 Q7 


number of times gallstones occurred 
among this later group is only about 
two and one-half times greater. The 
discrepancy is probably not of sig- 
nificance. 

The peak age incidence of Laennec’s 
cirrhosis, as Table 2 indicates, occurred 
in this series in the fifth, sixth and 
seventh decades; and the occurrence of 
cholelithiasis was most frequent in the 
sixth, seventh and eighth decades. 
Among the control group, the greatest 
number of cases of gallstones likewise 
occurred in the sixth, seventh and 
eighth decades. 


pital and found an incidence of 13%, 
which they believed was greater 
than that of the general population. 
In 1931, in a discussion of the re- 
lation of alcohol to cholesterol met- 
abolism, Leary* stated that of 237 
cases of cirrhosis to which he was given 
access, in only 9 were there gallstones. 
There is evidence in the discussion that 
cases of cirrhosis other than of the por- 
tal type were included. Dufour’?, in 
1931 and again in 1932, expressed the 
belief that cholelithiasis occurred with 
less frequency among alcoholics with 
cirrhosis and offered as a possible ex- 
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planation the fact that alcohol en- 
hanced the solubility of cholesterol. In 
1934, Rabl® published a study of cir- 
rhosis and gallbladder disease that 
was world-wide in scope and from this 
concluded that the incidence of stones 
in the gallbladder was considerably 
higher among cirrhotics. It is of in- 
terest that his finding of cholelithiasis 
in approximately 12.5% of cirrhotics 
does not differ appreciably from the 
incidence reported here. He also noted 
a preponderance of gallstones among 
female cirrhotics with a ratio of about 
2 to 1. More recently Lieber® has con- 
sidered the question of portal cirrhosis 
and gallstones. He found 11.6% of in- 
dividuals in a necropsy series of 29,779 
to have cholelithiasis. Of 726 cases of 
portal cirrhosis 133, or about 18%, had 
gallstones. A comparison of these per- 
centage figures led him to conclude 
that the incidence of gallstones among 
cirrhotics is moderately higher than 
among those without cirrhosis. 

It appears that in none of the previ- 
ous studies were adequate controls in- 
cluded, nor does it appear that fac- 
tors known to influence the formation 
of gallstones were taken into consid- 
eration. 

From the present study there has 
not been found any appreciable dif- 
ference in the incidence of gallstones 


among those with portal cirrhosis as 
compared to a control series of those 
without cirrhosis. This would suggest 
that the alteration of bile composition 
subsequent to liver injury is of little 
significance in the formation of stones. 

Summary and Conclusions. In order 
to determine the incidence -of chole- 
lithiasis associated with Laennec’s cir- 
rhosis of the liver, the necropsy records 
of 500 cases were studied. No other 
type of liver disease was considered. 
The control group consisted of 500 in- 
dividuals with no liver disease of any 
kind. This group was controlled for 
age and sex. Cases of diabetes mellitus 
were excluded from each group. It 
was found that 13.6% of the cases with 
Laennec’s cirrhosis had gallstones as 
compared to 13.2% of the control group. 
As in the control series, gallstones oc- 
cur twice as frequently in women as 
in men with cirrhosis. The greatest 
number of cases of cholelithiasis were 
found in the sixth, seventh and eighth 
decades in each group, while the peak 
incidence of cirrhosis was in the fifth, 
sixth and seventh decades. 

It is concluded that Laennec’s cir- 
rhosis of the liver and cholelithiasis are 
unrelated diseases, and that the sever- 
ity of the cirrhosis has no relationshiv 
to the formation of gallstones. 
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THE RELATION OF SERUM IRON TO HEPATOCELLULAR DAMAGE 
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INDIVIDUAL liver function tests possess 
little value in the study of hepatic dis- 
ease or of jaundiced patients. A com- 
plete profile of determinations is use- 
ful, but still inconclusive in estimating 
the amount of hepatocellular damage. 
Since liver cells are the site of heavy 
iron storage, exploration of this func- 
tion offers possibilities of a further 
check upon parenchymal damage. A 
study of the relation of serum iron to 
hepatocellular damage is here reported. 

Many of the reported observations 
upon serum iron deal with changes in 
anemia or with absorption studies. In 
1932, Locke, Main and Rosbach® made 
reference to serum iron being increased 
in bilirubinemia. Other related com- 
ments appear scattered inconspicuously 
in other discussions of problems of ane- 
mia. Recently Granick®, Finch et al.*, 
and Mazur and Shoor® have aroused 
new interest in iron, showing it to be a 
more versatile substance. Kipping and 
Schmoldt’ recently reported a study of 
the subcutaneous injection of potas- 
sium ferric cyanate in comparison with 
the serum iron as an evaluation of he- 
patic disease. These and other articles 
stimulated the present effort to see 
what place serum iron determinations 
might hold in hepatographic evalua- 
tion of disease. 


Method4. Standard serum iron values in 
the literature vary primarily with the pro- 
cedure used. The trichloracetic acid precip- 
itant method of Barkan and Walker!, but 
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using ascorbic acid as the reducing agent, 
was used here. All glassware and equipment 
after the usual washing were cleansed with 25% 
hydrochloric acid, then rinsed in iron-free 
(double distilled) water and dried before 
using. Venipunctures were done with special 
care to avoid hemolysis. 

Four cubic centimeters of serum were 
thoroughly mixed with 2 cc. of 0.8 N hydro- 
chloric acid and allowed to stand in an in- 
cubator at 37° C. for 24 hours. Two cubic 
centimeters of 20% trichloracetic acid were 
added drop by drop while the tube was 
constantly agitated. Vigorous shaking was 
performed after the tube was stoppered with 
a clean parafilm-covered cork. 

After standing for 1 hour at room tempera- 
ture, the stoppered tube was centrifuged at 
3000 revolutions per minute for 15 minutes, 
following which, 4 cc. of the clear centri- 
fugate were transferred by pipette to an 
Evelyn tube. Then in order 0.5 cc. saturated 
sodium acetate, 0.3 cc. of 1% fresh ascorbic 
acid, and 1 cc. of 0.1% ortho-phenanthroline 
were added with the tubes being well shaken 
after each addition. After a waiting period of 
1 hour, the percentage of transmittancy was 
determined by the use of the Evelyn colori- 
meter. With each group of tests a blank 
reagent and a known standard (100 gamma 
per 100 cc.) were run. The percent trans- 
mittancy was then transposed into gamma 
per 100 cc. by use of a previously established 
calibration table. 

Normal values with the precipitant methods 
are slightly lower than those found with the 
ash methods, because some non-hemoglobin 
iron is lost with the precipitate. Our normals 
agree with those published by Locke et al.8 
and by Barkan and Walker!. Wintrobe et al.? 
suggest a normal range of 90 to 150 gamma 
per 100 cc., but report values below 40 
gamma per 100 cc. for iron deficiency ane- 
mias. Kipping and Schmoldt7 use values of 
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80 to 100 gamma per 100 cc. for women and 
100 to 120 gamma for men, but do not 
state a normal range. 

In 59 determinations on normal men (15) 
and women (20), we found serum iron levels 
to be 40 to 145 gamma per 100 cc. for men 
and 40 to 115 gamma for women, with the 
averages being 80 and 77, respectively. 

Material. Clinical material for this study 
consists of 26 patients with liver diseases. In 
addition to the usual routine studies, com- 
plete liver function profiles were done on 
each patient. Such observations as quantitative 
serum bilirubin, alkaline phosphatase, brom- 
sulphalein, cephalin cholesterol flocculation, 
thymol turbidity, serum albumin, serum glob- 
ulin, cholesterol, cholesterol esters, urinary 
urobilinogen, fecal urobilinogen, prothrombin 
determination, vitamin K tolerance, and glu- 
cose tolerance tests were done. Twelve pa- 
tients had liver biopsies with microscopic 
studies of the liver tissue. 

Patients were loosely divided into 6 groups: 
Group A) infectious hepatitis, active (Group 
A,, inactive); B) serum hepatitis; C) cir- 
rhosis; D) obstruction; E) carcinomatous in- 
filtration and obstruction; and F) unclassified 
(hepatomegaly with leukemia, and others) for 
the purpose of discussion. 


Results. Table 1 shows briefly the 
serum iron levels as to groups. In a 
total of 135 determinations on 80 pa- 
tients, 55 of whom have hepatograms, 
no level of 150 gamma per 100 cc. was 
noted in patients without liver disease 
(Fig. 1). Those reaching this level are 
acceptably recognized by history, he- 
patograms, or biopsy as having cellular 
damage. 

The hepatograms of all the patients 
with parenchymal liver damage are 
charted together with the correspond- 
ing serum iron determinations and 
shown in Table 2. Of extreme interest 
are cases 1 and 2 (Group A) which are 
cases of hepatitis with evidence of 
acute damage. They show increased 
serum iron levels. Clinical evidence in- 
dicates the damage in Case 1 is more 
severe. This is borne out in the serum 
iron values of 294 gamma and 180 
gamma per 100 cc. respectively. 
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Case Reports. Case 1. (KUMC No. 52- 
2617.) This was a 26-year old, white female 
whose illness started 3 months previous to 
her hospital admission. The first symptoms 
were weakness, nausea, and anorexia. Fever 
and grippe-like complaints were also present. 
These progressed and 4 weeks later jaundice 
was noted. In spite of this, she continued to 


TABLE. 1—SERUM IRON VALUES IN 


GAMMA PER 100 CC. ON HEPATIC 
DISEASE PATIENTS. 
Group A Group D 


Obstruction (plain) 


Infectious Hepatitis 


Case No. Serum Iron 


Case No. Serum Iron 
1. M.M. 294,225,294 14. E.W. 150,45,45,30 
2. LS. 174,180,200 15. E.A. 120 
3. W.G. 360,320,68, 
78,168,148 
4.T.D. 190,120,94 
5.J.A. 210 
Inactive (Group A,) 
6. J.H. 105 
Group B Group E 


Serum Hepatitis Ca obstruction 


Case No. Serum Iron Case No. Serum Iron 


8. L.L.F. 200,168 16. M.L. 130,167 
9. M.N. 425,400,330, 17. M.B. 50,58,45 
180,130 18. J.O. 176 
19.M.B. 210 
20.F.P. 80 
21. W.B. 144,156 
Group C Group F 
Cirrhosis Unclassified 
Case No. Serum Iron Case No. Serum Iron 
10.W.D. 88 22. J.E. 105 
11. H.B. 110,118 28. C.H. 60 
12. M.S. 58 24.E.0.Y. 88 
13. W.M.  90,76,60 25. M.B. 30 


26. H.B. 30 


work for 3 more weeks before consulting her 
local physician. Though on bed rest and sup- 
portive diet, she continued to go downhill 
and was, therefore, transferred to the hos- 
pital. There was no history of blood trans- 
fusions nor of noxious agents. On admission 
the patient was markedly jaundiced and afe- 
brile. The liver was not palpable; there was 
no abdominal tenderness; and the other physi- 
cal findings were essentially normal. Labora- 
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tory findings are given in Table 2 (case 1). 
Though on a regimen of rest, Patek diet, sup- 
portive therapy, and ACTH, the patient de- 
veloped hepatic coma and expired on the 
twelfth hospital day. An autopsy confirmed 
the clinical diagnosis of infectious hepatitis 
and subacute yellow atrophy. 

CasE 3 (Group A). (KUMC No. 52-3163). 
This patient showed high serum iron (360 


Serum iron in 
Gommo Percent 100 CC. 
425 X 


“A 


390 
370 
350 
330 
310 
290 
270 
250 
230b5 
210}8 
190} 
170+2 


A 
+ 


< > @ +x 


130 
110 
90 
70 

10 


but definite jaundice 18 years prior to ad- 
mission. Physical examination revealed the 
patient to be neither acutely nor chronically 
ill though the sclera were icteric. The tem- 
perature was normal. The liver was palpable 
2 finger-breadths below the costal margin but 
not tender. Otherwise, findings were normal. 
Roentgenographic studies revealed a normally 
functioning gallbladder and a normal upper 


Group A __ Infectious Hepatitis 
Group A, - Hepatitis, Inactive 
Group B - Serum Hepotitis 
Group C - Cirrhosis 

Group D - Obstructive 

Group E - Obstructive- Ca 


Group F - Unclassified 
(Leukemia, etc.) 


Each symbol represents 
one determination. 


Fic. 1.—Fifty-two serum iron determinations on 26 patients with liver disease. 


gamma per 100 cc.) and clinical evidence of 
parenchymal damage. This 4l-year old, Negro 
male on admission complained of pruritus, 
fatigue, and weight loss over a period of 2 
months. There had been no pain nor abdomi- 
nal distress. The urine had been dark for 
a month, and stools had been clay colored 
for one week. Icteric sclera were noticed 5 
days before admission. The past history 
vaguely revealed “liver trouble” in childhood 


gastrointestinal tract. Because of hepatogram 
(see Table 2, case 3) and punch biopsy find- 
ings suggestive of an obstructive lesion, an 
exploratory operation was performed on the 
twelfth hospital day. No obstruction was 
found. Because the common duct was ex- 
plored, a cholecystoduodenostomy was per- 
formed. Following surgery the patient ap- 
peared to continue to improve for a few 
days, but later again had diminished appe- 
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tite and increasing pruritus. At this time the 
total serum bilirubin had gone up to 4.3 mg. 
per 100 cc. and the serum iron was 168 
gamma. Five days later the patient was again 
clinically improved and had shown a drop 
in the serum bilirubin and a serum iron de- 
creasing to 148 gamma. Recovery from this 
point was uninterrupted. 


TABLE 2.- 
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Case 9 (Group B). This patient had the 
highest serum iron level. She was a 56-year 
old, Negro woman (KUMC No. 52-3520) who 
noted nervousness, palpitations, weakness, 
fatigue, and tachycardia 5 months previous 
to admission. A diagnosis of hyperthyroidism 
was made. Two months later the patient was 
hospitalized and transfused with 2 pints of 


-SERUM TRON AND LIVER FUNCTION STUDIES ON 13 PATIENTS 


WITH HEPATOCELLULAR DAMAGE 


Case 4 Hosp. Clinical SB SB 
No Diagnosis Day Condition D 
1 Inf. Hepatitis & 2 Poor 12.4 28.6 4.4 
Sub. Yel. Atrop. 12 In Coma 14.2 36 8.4 
2 Inf. Hepatitis 2 Good 3.5 55 48 
16 Good 0.7 28 3.0 
3 Inf. Hepatitis 2 Fair 55 90 7.0 
8 Fair = - - 
14 Improved - - - 
22 Slight relapse 28 4.5 6.2 
27 Muchimproved 2.2 38 838 
4 Inf. Hepa., mild 6 Good - - - 
(Had previous 10 Muchimproved 03 04 1.0 
severe attack) 14 Well : - - 
Pansinusitis (Inf. 2 Good 0.1 O11 2.4 
epa. 6 mo. ago) 
6 Chronic Hepa. 2 Good 01 O04 145 
8 Serum Hepa., 2 Good 45 65 4.3 
mild 5 Improved 
9 Serum Hepatitis, 2 Poor 15.0 30.0 3.7 
severe 7 Poor 
12 Poor 15.0 30.0 2.8 
22 Improved 40 7.2 23 
34 Muchimproved 1.8 3.1 18 
14 Stricture of Bile 2 Fair 65 9.5 9.5 
9 P.O. Much imp. - 
16 Ca of Pancreas 2 Poor 12.7 22.5 16.7 
with Metastases 6 Critical - ~ - 
1S Caé Portal Obst. 2 Poor 7.0 13.0 18.0 
19 Ca Pan. @ Metast. 2 Critical 15 2 30 
21 Ca of Pancreas 2 Acutely ill 0.3 08 


1.0 
6 Acutely ill 


SB-D Direct serum bilirubin in mg. per 100 cc. 

SB-I Indirect bilirubin in mg. per 100 cc. 

AP Alkaline = in millimol units (nor- 
mal .8 to 3) 

ce Cephalin cholesterol, 0 to 4+ 

7 Thymol turbidity in units 

SA Serum albumin in gm. per 100 cc. 

SG Serum globulin in gm. per 100 cc. 


Case 4 (Group A). This patient showed a 
steady fall of serum iron values corresponding 
to clinical improvement. 

Case 5 (Group A). This patient showed a 
high serum iron and a thymol turbidity of 10 
units while having an acute infection 6 
months after infectious hepatitis. 

Case 14 (Group D). This patient had a 
serum iron level of 150 gamma per 100 cc. 
which dropped to 45 gamma the day after 
surgical correction of recurrent obstruction 
of a bile duct anastomosis. The hepatogram 
indicated no cellular damage preoperatively. 


CC TT SA 8G TC CE PT UU FU GT SI 
4+ 19 3.0 30 130 35 10 03 45 AB 294 
44+ 11 30 30 150 35 10 03 - - 294 
0 3 35 13 @ 
0 3 62 23 250 68 78 18 - AB 200 
0 10 55 28 240 75 100 40 50 AB_ 360 
0 11 48 28 220 65 - - - - 168 
0 13 44 3.5 240 65 - - - N 148 
- - - - - 190. 
3+ 6 55 18 160 75 8 AB 120 
1+ 10 47 28 210 
1+ 44 20 220 6 100 2.8 ~ 105 
4+ 21 28 3.2 130 55 48 ; @ aps 
4+ 24 44 46 100 30 60 O38 6 AB 425 
4+ 35 46 38 110 25 75 - - - 330 
4+ 32 44 38 240 42 7 24 5 - 180 
4+ 20 4.1 3S 210 60 78 1.8 - 130 
0 4 42 22 240 48 9% - SO 150 
4+ 28 36 20 360 7 20 - -~ AB 130 
0 3 3.2 18 250 20 - - - 176 
44+ 28 18 38 -180 12 12 04 25 - 210 
0 0 5.0 18 250 55 - - = AB 144 
TC Total serum cholesterol in mg. per 100 ce. 
CE Per cent cholesterol esters 
PT Prothrombin in per cent of normal 
UU Urine urobilinogen in units in a 2 hr. urine sample 
FU Feces urobilinogen in mg. per 24 hrs. 


GT Oral glucose tolerance—AB (abnormal) indicates 
hepatic type curve 
Serum iron in gamma per 100 cc. 


whole blood because of “anemia”. Simul- 
taneously the patient was started on 150 mg. 
of propylthiouracil daily. During the 3 weeks 
prior to admission the patient developed 
malaise, anorexia, a feeling of fullness in 
the abdomen, and jaundice. A loss of 11 
pounds of weight was reported. Upon exami- 
nation on admission intense jaundice was 
obvious. The patient appeared acutely ill. 
The temperature was 99.2°. Diffuse thyroid 
enlargement was present. The heart was en- 
larged with the point of maximum impulse 
at the sixth interspace almost at the anterior 
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axillary line. The pulse rate was 108. The 
liver was palpable 4 finger-breadths below the 
costal margin. Its border was regular, sharp, 
and tender. The peripheral blood picture was 
normal while bone marrow biopsy revealed 
erythroid hyperplasia. The initial serum iron 
level in this patient was 425 gamma per 
100 cc. It steadily decreased to 130 gamma, 
parallel with clinical improvement. Obvious 
parenchymal cell damage existed here, but 
there was question as to whether the diag- 
nosis was that of serum infectious hepatitis or 
toxic hepatitis due to propylthiouracil. 

Case 138 (KUMC No. 49-1474), This pa- 
tient showed no acute cellular damage but is 
cited for comparison. The 44-year old Negro 
man was admitted with the chief complaints 
of swelling of the abdomen and ankles and 
of nausea and vomiting which had been pres- 
ent for 6 months. The patient had not been 
well for about 3 years. In 1949 he was hos- 
pitalized and diagnosed as having cirrhosis. 
He disregarded all therapeutic and dietary 
instructions and in addition consumed over 
a pint of liquor daily. He had been able to 
work very little during the last 2 years. His 
symptoms of hepatic decompensation had in- 
creased during the last 6 months. Physical ex- 
amination revealed the patient to be under- 
nourished and to have ascites. There was no 
jaundice. The heart was enlarged and the 
blood pressure was 150/85, while the pulse 
rate was 84. There was no fever. The liver 
edge was palpable 4 finger-breadths below 
the costal margin but it was not tender. 

Laboratory examination revealed a normal 
urinalysis and blood picture. The total pro- 
tein was 6.84 gm. per 100 cc., while the 
serum globulin was 4.4 gm. Cephalin choles- 
terol was 4+; thymol turbidity was 16 units; 
and the total serum bilirubin was 3.6 mg 
per 100 cc. The total cholesterol was 200 
mg., while the esters were 40%. An abnormal 
glucose tolerance curve was shown by a 
value of 277 mg. per 100 cc. in the 2-hour 
specimen and failure to return to the nor- 
mal fasting level until the fifth hour. The 
serum iron was 76 gamma. 

Roentgenographic studies of the esophagus 
showed evidence of varicosities. Microscopic 
study of a punch biopsy of the liver readily 
confirmed the diagnosis of cirrhosis. Rest, diet, 
supportive therapy, and paracenteses consti- 
tuted the treatment which brought definite 
improvement to the patient. 


Discussion. As indicated, our inter- 
est in serum iron determinations in 
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liver disease is, at the moment, directed 
toward evaluating the observations as 
an indicator of hepatocellular damage. 
Commonly cephalin cholesterol floccu- 
lation, thymol turbidity, total choles- 
terol, and cholesterol ester values point 
to parenchymal cell damage. However, 
in any large series of patients surveyed 
by complete liver function profiles, 
many inconsistencies arise. Any more 
accurate indicator of this change might 
have value even if only in clinical in- 
vestigation. 

So far we note no real correlation be- 
tween serum iron values and any indi- 
vidual hepatic function test. The im- 
pression exists that an elevation above 
150 gamma per 100 cc. suggests an 
acute hepatocellular damage. 

Howard® has utilized serum iron de- 
terminations in a group of patients 
with liver disease while directing his 
chief attention to patients with hemo- 
chromatosis. His observations show 
grossly high values in patients who 
would ordinarily have much hepato- 
cellular damage and low values in 
those with minimal acute injury. 

The statements in the earlier litera- 
ture regarding similar variance of 
serum iron and bilirubin cannot be ac- 
cepted. This coincides with the view 
of Kipping and Schmoldt’. Serum iron 
values appear to respond more rapidly 
to, and parallel more closely acute cell 
damage and recovery. They frequently 
return to normal while the bilirubin is 
still elevated. 

The increase of the serum iron in 
hepatic parenchymal disease may be 
due to inability of the liver to store 
the iron as Vannotti and Delachaux"! 
believe. Rissel and Schaller’s!® state- 
ment, that altered liver cell metabolism 
in infectious hepatitis is due to a lack 
of iron, supports Vanotti’s hypothesis. 
Neither this nor Vanotti’s experimental 
evidence, that the liver of “hepatic dis- 
ease” rabbits contained less iron than 
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the liver of a normal rabbit, actually 
prove this hypothesis. Both results 
could be explained as readily by the 
release of iron from damaged cells. In 
compensated cirrhosis where little 
acute parenchymal cell damage is en- 
countered, the serum iron is normal 
or low normal, but in states associated 
with focal or massive necrosis serum 
iron is probably high. This favors the 
thought that cell disruption results in 
release of stored iron rather than favor- 
ing a loss of storage function. Our re- 
sults, correlated with clinical evalua- 
tion, favor the hypothesis of cell dis- 
ruption with iron release. Thus one can 
use the height of the serum iron as a 
basis for estimating the extent of cel- 
lular damage, provided the other causes 
of abnormal serum iron level (presence 


of pernicious or hemolytic anemia) 
was taken into consideration. 

Summary. 1. A group of 26 patients 
with liver disease has been studied by 
complete liver function profiles and 
serum iron determinations. 

2. Serum iron does not correlate di- 
rectly with any individual test now in 
use in hepatograms, nor does it corre- 
late directly with bilirubinemia, but it 
does follow closely the clinical picture. 

8. An elevated serum iron level in 
hepatic disease is evidence of hepato- 
cellular damage, and decrease in that 
level follows recovery. 

4. Serum iron determinations have 
a definite place in hepatographic 
studies. The elevation of serum iron | 
parallels the extent of hepatocellular 
damage, provided the blood picture is 
taken into consideration. 
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For half a century desiccated thy- 
roid gland has been the drug of choice 
for the oral treatment of hypothyroid- 
ism (that is, myxedema or cretinism), 
as pointed out by Means*. The isola- 
tion by Kendall? of DL-thyroxine pro- 
vided a means for laboratory and clini- 
cal research; but this drug hitherto 
has rarely been used for routine ther- 
apy in the United States. As stated by 
Salter*, its erratic absorption, due to 
poor solubility of thyroxine crystals in 
physiological fluids, led at best to un- 
reliable metabolic responses in human 
patients, when treated orally. Fre- 
quently no response at all could be de- 
tected to large doses, unless recourse 
was had to parenteral use. 

It is the purpose of this communi- 


cation to describe the uniform and ° 


striking response in human athyreosis 
to sodium L-thyroxine, administered 
orally both for the relief of myxedema 
and cretinism and for the maintenance 
of normal metabolic levels in such pa- 
tients. Special emphasis will be laid 
upon the concentration of serum “hor- 


monal” iodine (protein-bound) as an 
index of thyroid status. 

Types oF Patient. The patients 
studied comprised 2 groups: 1) spon- 
taneous cretinism in children and 2) 
adults in complete athyreosis result- 
ing from treatment with surgery plus 
radio-iodide given for thyroid neo- 
plasia. The age range for the com- 
bined groups was 40 days to 70 years. 
As shown in Table 1, females pre- 
dominated. 

OpservATIONS. All patients 
showed a marked and characteristic 
clinical improvement. In many in- 
stances basal metabolic rates and 
blood cholesterol were studied. In this 
paper, however, only 2 definitive in- 
dices will be reported, namely, 1) 
growth in children and 2) the concen- 
tration of serum “hormonal” iodine. In 
general, these patients appeared nor- 
mal after a few weeks of therapy, ex- 
cept for retarded growth in children; 
and the latter defect was remedied 
rapidly within a year. Table 2 indi- 
cates the prompt response of growth 


* These studies were aided by grants from the Anna Fuller Fund, the Connecticut Cancer 
Society, the Connecticut Heart Association and the Fluid Research Fund of Yale University 


School of Medicine. 


The radioactive iodide, I,,,, used in these investigations was obtained from the Oak Ridge 
National Laboratory, Carbide and Carbon Chemicals Corp., Oak Ridge, Tenn., through the 


Isotopes Division, Atomic Energy Commission. 


The sodium L-thyroxine tablets were kindly supplied by Mr. C. W. French of Smith, Kline & 
French Laboratories and Dr. Harry L. Fevold of Baxter Laboratories. Inc. 
The patients reported herewith were mostly in the Grace-New Haven Community Hospital 
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in retarded children. All patients 
showed classical changes in personality 
and general activity under treatment. 

Serum “hormonal” iodine was studied 
by the method of Salter and Rosen- 
blum®. Each patient was maintained on 
a given dosage for 3 to 5 weeks before 
the blood was tested. The highest 
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mg. For younger children tablets as 
small as 0.025 mg. were employed and 
each tablet was crushed in a teaspoon- 
ful of water. For infants, the tablet was 
crushed and administered from a nurs- 
ing bottle in water or mixed with a 


feeding formula. All these procedures 


appeared equally effective. 


SERUM HORMONAL IODINE (MCG. PER 100 CC.) IN HUMAN ATHYREOSIS AT VARIOUS 


DOSAGE LEVELS (ORAL) OF SODIUM L-THYROXINE (MG. PER DAY) 


Dosage of sodium L-thyroxine, mg. per day 


TABLE. 1 
Patient Age Sex Diagnosis 0.0 0.025 
LY {toll mos. M Cretinism 1.58 1.88* 
CE 5 yrs. F Cretinism 
AM 5 yrs. F Cretinism 1.9 
HA 6 yrs. F Cretinism 14 
GR 23 yrs. F Athyreosis 
BE 33 yrs. F Athyreosis 1.6 
CA 43 yrs F Athyreosis 1.9 
RI 13 yrs Fr Athyreosis 
ST SI yrs. F Athyreosis 1.6 
D'AL 70 vrs F Athyreosis 


0.050 0075 0.100 0.125 


0.150 0.200 0.300 0.400 
2.58 3.38 4.78 5.58 8.88 
6.58 8.98 
2.98 3.45 5.08 6.15 
3.38 4.78 5.58 10.88 
7.6B 8.5B** 
2.958 5.38 
3.58 6285 7.1B 
455 6.58 
5.4B 
3.38 3.78 7.1B 10.28 
6.48 
4.0B 
3.88 


= S indicates L-thyroxine tablets obtained from pharmaceutical company S. 


“© = B indicates L-thyroxine tablets obtained from pharmaceutical company B. 


TABLE 2.—GROWTH OF CRETINS TREATED WITH 
SODIUM L-THYROXINE ORALLY 


Age 
pS SHI* Height Weight 
Patient Year Month Sex  meg/100 ce. em. kg. 
LY 0 + M 1.8 56.75 5.50 
0 5 2.5 61.00 6.96 
3.3 

0 7 4.7 62.87 9.09 

0 11 5.5 68 . 50 10.45 

HA + 9 F 3.3 91.44 15.00 
5 0 ‘4.7 101.60 16.10 

5 1 5.5 104.14 22.05 

5 9 10.8 105.41 22.05 

CE + 10 F 6.5 86.36 13.07 
+ 11 8.5 90.17 15.45 


* Serum “hormonal” iodine. 


daily dose used in adults was 0.4 mg. 
of sodium L-thyroxine per day. The 
lowest daily dose was 0.025 mg. in a 
6-weeks-old cretin boy. Medication for 
adults and older children was given 
in tablet form 1 hour before meals, 
chased down by a glass of water. For 
adults the usual tablet contained 0.1 


Before each serum determination all 
medication was interrupted for 3 days 
to avoid false elevation of serum iodine 
due to recently absorbed medication. 
For example, patient CA reached a 
serum value of 7.1 mcg. per 100 cc. 
on 0.3 mg. of sodium L-thyroxine daily. 
The medication was stopped for 48 
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hours, and a fasting blood sample 
taken. The inorganic iodine (iodide) 
fraction was found to be only 4.8 mcg., 
per 100 cc., that is, within the natural 
range. 

The arbitrary “normal” limits for 
SHI adopted in this laboratory are 4 
to 8 micrograms per 100 cc. 

Resutts OF Bioop Anatysgs. Table 
1 indicates the progressive rise in the 
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60 millicuries of 1,31, initial symptoms 
and signs of developing hypothyroid- 
ism were noted abruptly: namely, 
cramps in the calves of the leg, cold 
numb extremities, somnolence, forget- 
fulness, slow speech and loss of facial 
expression. Within 48 hours after be- 
ginning opotherapy (0.1 mg. of sodium 
L-thyroxine daily), these disturbances 
had begun to subside. As shown in 


EFFECT OF ORAL DOSAGE ON SERUM HORMONE 


is KEY 
(| ORAL SODIUM t- THYROXINE N 
Li | 6 4420 
Qa CAm 435” 2 © 
< -10 2 
20F FROM THOMPSONWQETAL 
‘ 12:235,1735 
010 020 030 040 


DAILY DOSE SODIUM .-THYROXINE, MG. 


Fic. 1.—Rise in serum hormone on various daily oral dosages of sodium L-thyroxine contrasted 
with metabolic response to intravenous DL-thyroxine (injected daily). For intravenous DL-thy- 
roxine, increasing the daily dosage by 0.1 mg., raises the average serum (hormone iodine) level 
by 1.47 mcg. per 100 cc. This corresponds to the effect of 0.0545 mg. of L-thyroxine. For 
oral L-thyroxine, increasing the daily dosage hy 0.0811 mg. causes the same rise in serum 
level. Hence, 67.2% of the potential L-thyroxine has been assimilated after oral administration. 


levels of serum “hormonal” iodine on 
successive levels of dosage. These lab- 
oratory values agreed well with clinical 
appraisal of the patients’ status. Case 
ST., age 51, may be mentioned to illus- 
trate the point. Most of her thyroid 
had been removed by surgery and with 
I,31; but a tiny remnant remained, suf- 
ficient to maintain normal thyroid 
status, with the serum “hormonal” 
iodine level at 4.7 micrograms per 100 
cc. Within 7 days after treatment with 


Table 1, on 0.3 mg. a day this patient 
showed a high normal SHI value. At 
this time she felt very well and active. 
After 5 days on 0.4 mg. of the drug, 
paroxysmal tachycardia occurred, ac- 
companied by acute attacks of “smoth- 
ering.” These subsided within a day 
when the medication was interrupted. 

UnirorMity oF Response. As shown 
in Fig. 1, which includes children and 
adults, the response of the serum pro- 
tein-bound iodine to oral therapy is 
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rather uniform. When compared with 
the results obtained by W. O. Thomp- 
son et al.® to intravenous therapy with 
DL-thyroxine, it would appear that 
about 67% of the orally given sodium 
L-thyroxine is assimilated. In the fig- 
ure, the right-hand ordinate shows the 
basal metabolic rate placed advisedly 
to correspond to appropriate values for 
serum hormone. Against this right- 
hand ordinate are plotted (for patients 
MF and MR) the data of W. O. 
Thompson’s associates® for the response 
to injected DL-thyroxine. It should be 
emphasized that all data in Fig. 1 rep- 
resent equilibrium levels maintained 
on a constant daily dosage of drug. 
Such data are rare in the literature. 
Discussion. The assimilation of at 
least two-thirds of the sodium L-thy- 
roxine (given orally) reflects not only 
absorption from the bowel but also 
fixation and excretion by the liver. As 
shown by Albert!, a re-circulation of 
the hormone may occur, similar to that 
of bile salts. The level of the serum 
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“hormonal” iodine reflects the net re- 
sult. This entero-hepatic circulation of 
hormone makes especially desirable a 
lapse of nearly 3 days (after the last 
medication) before blood analysis, to 
ensure the elimination of recently ab- 
sorbed iodine. 

Obviously, this synthetic medication 
produces no effect not afforded by 
Thyroid, U.S.P. The advantage of the 
synthetic product is its uniformity. Of 
two preparations (labelled S and B) 
furnished by different pharmaceutical 
laboratories in tablet form, neither ap- 
peared much different from the other. 
Each 0.1 mg. tablet appeared equiva- 
lent to nearly 1.5 grain (gr. iss) of U.S.P. 
Thyroid. 

Summary. When sodium L-thyroxine 
is administered orally in tablet form 
to myxedematous and cretinoid human 
beings, about two-thirds is assimilated. 
The effect on the serum “hormonal” 
iodine is uniform, and the general phy- 
siological response is classical. 
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COMPARISON OF THE THIOCYANATE AND RADIOSODIUM SPACES 
IN DISEASE STATES} 


By Jerry K. Arkawa, M.D.* 
WITH THE TECHNICAL ASSISTANCE OF ELOISE RHOADES 


(From the N. C. Baptist Hospital, and the Department of Internal Medicine, the Bowman 
Gray School of Medicine of Wake Forest College, Winston-Salem. 


Ir has become increasingly evident 
that the measurement of the volumes 
of the various fluid compartments and 
their cation content is essential to an 
understanding of the disturbed physi- 
ology of many disease states. Such a 
study has been hampered in the past by 
the lack of simple laboratory methods 
for measuring sodium and potassium 
ions. With the introduction of radio- 
isotopes and flame spectrophotometry, 
these difficulties have been partially 
overcome. 

Until recently the thiocyanate method 
was the only practical one available 
for the estimation of the extracellular 
fluid space in clinical studies. The 
thiocyanate space, however, is usually 
larger than the extracellular volume as 
determined by methods employing 
chloride or inulin. For this reason, its 
validity as a measure of the anatomic 
extracellular fluid space has been ques- 
tioned. In normal individuals, the thio- 
cyanate space is practically identical 
with the radiosodium space, when both 
values are based on serum specimens 
obtained three hours after intravenous 
injection of the agents*. It is not known 
whether a similar relationship prevails 
with disease states. 


The purpose of this study is to com- 
pare the volumes of fluid available for 
dilution of the thiocyanate and radio- 
sodium ions in hospitalized individuals 


with various diseases. The factors 
which influence these values are 
discussed. 


Material. A total of 29 individuals—26 hos- 
pitalized subjects (12 males and 14 females) 
and 8 ambulatory normal male medical stu- 
dents—were studied. In 6 instances 2 deter- 
minations were made on the same individual. 
In 2 patients, 3 determinations were made; in 
one subject, a series of 5 determinations was 
done. This study is based on a total of 43 
determinations. The various pathologic states 
observed are listed in Table 1. 

Methods. All subjects were weighed on the 
day of the study and were kept at bed rest 
during the 3-hour period required for the * 
determinations. No restrictions were placed 
on the intake of food, water or salt. The 
usual meals were served. In order to avoid 
the postprandial turbidity of the serum, 
studies were begun ‘before breakfast or at 
least 2 hours after a meal. 

Rapiosopium Space. Shipments of Nag, 
were usually received on Tuesday and the 
injections were made later that day or, at 
the latest, on Wednesday morning. Solid 
sodium carbonate containing radioactive Nao, 
was dissolved in 0.05 N hydrochloric acid 
and physiologic saline solution was added 
to make a solution containing 15 microcuries 


* Research Fellow of the American Heart Association sponsored by the 20-30 International 
Rheumatic Fever Foundation, Instructor in Internal Medicine. 


+ This work was supported in part by a grant-in-aid from the American Heart Association 
and in part by the U. S. Atomic Energy Commission under a contract with the Bowman Gray 


School of Medicine. 


The Na,, used was supplied by the National Laboratories, Oak Ridge, Tennessee, on allo- 
cation from the U. S. Atomic Energy Commission. 
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of radioactivity per ml. It was then sterilized 
by autoclaving. 
An ‘initial blood sample was obtained by 
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All determinations were corrected for decay. 
No correction was made for urinary excretion 
of radiosodium during the period of obser- 


venipuncture. One hundred and fifty micro- vation, since the amount excreted was 
curies of Nay, were then injected through the __ negligible. 
same needle by means of a syringe calibrated The radiosodium space was calculated 


to deliver 10 ml. Three hours after com- 
pletion of the injection, blood was with- 
drawn from the opposite arm. 


from the following formula: Volume of Nag, 
space in ml. = (Total counts/min. injected ) 
/ (counts /min/ml. of serum). 


TABLE 1.—FLUID VOLUME DATA IN NORMAL AND ILL SUBJECTS 


Body Radiosodium Thiocyanate Plasma Total 
Weight Space Space Volume Hematocrit Bld. Vol. Clinical 
Patient Diagnosis (Kg.) (ml/ Kg.) (ml/Kg.) (ml/Kg.) (vol.%) (ml/Kg.) Edema 
Normal Subjects 
1 Psychoneurosis 46.0 223 .4 226.9 45.5 43.0 79.9 
2 Normal 73.9 244.8 233.2 43.9 44.1 78.5 
3 Normal 89.1 245.2 253.2 (24.2) 44.3 (43.3)T 
4 Normal 79.8 307.1 305.1 36.7 48.8 71.8 
Disease States 
5 Rbeum. arth. 47.3 232.1 309.4 36.2 61.0 
6 Myxedema 74.1 236.9 233.8 13.6 62.3 + 
7 Essent. hyperten. 59.8 243.3 246.3 44.5 72.1 
8 Dis. lupus eryth. 47 .3) 241.8) 247.5) 36.3) 85.8) 
(4)* 45.9) 249.2) 255.0) 36.5) 70.7) 
9 Myxedema 55.2 253.4 201.6 i 35.7 + 
10 Serum sickness 72.3 261.1 272.2 15.0 119.3 
11 Rheum. arthritis 57.2 271.8 235.9 16.4 87 oO 
12 Typhoid fever 81.8) 218.4) 261.6) 40.0) 69.9) 
15)* 84.0) 273.9) 307 .4) 37.0) 69.3) 
13 Diabetes mell. 62.5 978.1 279.4 36.2 68.8 
14 Psoas abscess 46.8) 289 . 4) 270.0) 14.0) 82.8) 
(7)* 47.0) 277 .6) 280.7) 42.7) 79.4) 
15 A-V fistula 69.6 292.5 364.3 42.0 96.1 
16 Rheum. arthritis 50.0) 285.3) 304.4) : 32.5) 87 .9) 
(7)* 49.5) 300. 2) 331.3) 6 38.4) 95.1 
(14)* 49.3) 270.6) 267 .6) 38.4) 133.9) 
17 Exfol. dermatitis 40.9 311.3 257.0 q 41.9 103.7 
18 Rheum. arthritis 46.8 314.1 272.6 5 37.1 97.7 
19 Rheum. arthritis 54.3) 312.7) 342.8) S| 42.6) 136.4 
(7)* 54.7) 323.5) 371.9) 43.4) 312.9)7 
(14)* 53.6) 329.7) 409.0) 7.6 49.5) 133.8 
20 Myxedema 59.6 335.0 277.0 44.8 38.0 72.3 + 
21 Myxedema 105.4 336.5 165.4 55.5 35.0 85.5 + 
22. = Cong. ht. fail. 79.3 362.4 329.3 83.4 31.8 122.3 + 
23 Rheum. arthritis 53.0 376.1 544.0 71.5 36.9 113.4 
7)* 52.3 384.3 362.4 59.6 34.8 91.4 
24 Active rheum. fever 50.2 419.2 404.0 66.5 35.9 103.7 
25 Chr. glom. neph. 51.4) 429 .3) 413.7) 57.6) 36.4) 90 .6) + 
(7)* 50.8) 323.4) 383 .3) 62.8) 32.3) 92.8) 7 
26 Active rheum. fever 44.1 463.4 348.2 65.5 39.1 107.6 
27 Cong. hrt. fail. 58.3) 397.1) 401.7) 109.2) 33.5) 164.1) + 
(12) 51.6) 506.7) 508 .9) 91.5) 31.5) 131.6) + 
28 Const. pericard. 49.5 414.3 422.1 53.8 42.0 92.8 + 
29 Chr. glom. nephi. 63.6) 433.7) 540.2) 101.1) 24.4) 133.7) +- 
(7)* 64.8) 587.9) 770.1) 78.7) 22.2) 101.2) t 
(14)* 63.9) 542.4) 459.5) 83.9) 20.2) 104.9) + 
(21)* 65.2) 581.6) 439 .2) 95.6) 22.8) 123.9) + 
(28)* 64.7) 553.0) 539.6) 63.0) 27.9) 87.3) + 


* Designates the interval in days between the first and subsequent determinations. 
+ Technical error. Not included in mean values. 

Cong. Hrt. Fail. = Congestive Heart Failure. 

Rheum. Arth. = Rheumatoid arthritis. 


The activity of the serum specimens was PLAsMA VOLUME AND THIOCYANATE SPACE. 


determined with a dipping tube and a scal- 
ing circuit. Counts were made to 1% accuracy. 
All counting rates were at least 10 times 
background, and were usually in the range 
of 500 to 2,000 per minute. The standard so- 
lution which was used for injection was ap- 
propriately diluted with distilled water to 
approximate the counting rate of the sera. 


The: plasma volume and the thiocyanate space 
were determined by the T-1824 (Evans Blue) 
dye and sodium thiocyanate techniques. Im- 
mediately after the injection of radiosodium, 
10 ml. of a solution containing a mixture of 
50 mg. of sodium thiocyanate and 1 mg. of 
T-1824 per milliliter was injected intrave- 
nously by means of a calibrated syringe. Ten 


634 


minutes after completion of the injection, a 
blood sample was obtained from another arm 
vein. The plasma volume was calculated from 
the concentration of the dye in this sample. 
The concentration of thiocyanate was deter- 
mined on a sample of serum obtained three 
hours after injection—the sample on which 
radioactivity was measured. 

HEMATOCRIT AND TOTAL BLOop VOLUME. 
The hematocrit was determined in Wintrobe 
tubes centrifuged at 3,000 r.p.m. for 30 min- 
utes at a radius of 15 cm. 

The total blood volume was calculated 
from the plasma volume and the hematocrit. 

Results. Normat Svusyects. The 
values in 4 normal subjects (Patients 
1 to 4, Table 1) are used as a basis for 
comparison with the results obtained 
in individuals with disease states. In 
these 4 subjects the mean difference be- 
tween the values for the simultaneous 
determinations of the radiosodium and 
thiocyanate space was 6.28 ml./kg. 
(2.46%). The mean radiosodium and 
thiocyanate volumes were 255.1 and 
254.6 ml./kg. respectively. The radio- 
sodium values correspond with those 
obtained in normal adult males by 
other investigators*-*. 

The low plasma volume in subject 4 
was due to turbidity of the serum 
samples. The means of the other 3 
plasma volumes (42.0 ml./kg.), and 
total blood volumes (76.7 ml./kg.), and 
of the 4 hematocrits (45.1 vol. %) agree 
with the values obtained in normal 
subjects by other investigators using 
similar techniques”. 

DisEASED INDIvIDUALS. Radiosodium 
and thiocyanate spaces. Values greater 
than 255 ml./kg. for the thiocyanate 
and radiosodium spaces were found in 
many abnormal states. Of the 39 de- 
terminations in individuals with dis- 
ease states, 18 showed the Nas; space 
to be greater (by a mean of 53.9 
ml./kg.) than the thiocyanate space. 
In 21 instances the thiocyanate space 
was greater than the radiosodium svace 
(by a mean of 49.4 ml./kg. ). Consider- 
ably greater scatter was noted for these 
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2 values in ill subjects than in the nor- 
mal individuals (Fig. 1). 

No pitting edema was noted in in- 
dividuals with a Nass volume of less 
than 330 ml./kg.. Patients with edema 
of renal or cardiac origin had a higher 
radiosodium space than normal sub- 
jects or other individuals with various 
disease states. With edema of cardiac 
origin (Patients 22 and 27), the simul- 
taneous thiocyanate and radiosodium 
values agreed closely. When the edema 
was of renal origin (Patient 29), dis- 
crepancies were noted between the 2 
measurements. In 3 subjects (Patients 
23, 24 and 26), the Nas, values were 
high in the absence of clinical edema. 

The puffiness of myxedema differs 
clinically from the interstitial edema 
of renal or cardiac origin. With myx- 
edema, there appears to be an inverse 
relationship between the Nass space 
and the thiocyanate space (Patients 6, 
9, 20 and 21). 

In 8 of the 11 determinations made 
in patients with rheumatoid arthritis, 
the value for Nao; was lower than that 
for thiocyanate. The significance of 
these findings is discussed below. 

Blood volume. When the total blood 
volume and radiosodium space are 
compared, it is found that with a Nao, 
space of less than 330 ml./kg. (the 
clinical edema level) there is a rough 
correlation—the higher the radiosodium 
space, the larger the total blood vol- 
ume, up to a maximum of about 164 
ml./kg. (Fig. 2). When the Nass space 
exceeds 330 ml./kg., it can no longer 
be correlated with the total blood vol- 
ume. The mean ratio of total blood 
volume to Nas, space in those sub- 
jects with a Nass space of less than 
330 ml./kg. was 0.318; the mean 
for those with a Nass space greater 
than 330 ml./kg. was 0.247. This 
difference was statistically significant 
(a = 0.071, sa = 0.02, t — 3.55). 
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Comment. It is apparent that there is 
not available at the present time a 
simple, practical and reliable method 
for measuring the volume of the ana- 
tomic extracellular fluid space; both 
the radiosodium and the thiocyanate 
methods measure a volume of fluid 
which is larger than the generally ac- 
cepted value. Although in normal sub- 
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jects these 2 methods may give prac- 
tically identical results, such a rela- 
tionship does not necessarily exist in 
disease states. Consequently the 2 
methods are not interchangeable in 
such investigations. Neither method 
is entirely satisfactory as a means of 
measuring the extracellular fluid space 
in the sense of a static volume of fluid. 


Comparison of the Thiocyanate and Radiosodium Spaces 
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Fic. 1.—Comparison of the Thiocyanate and Radiosodium Spaces in Disease States. 


Correlation of Total Blood Volume and Radiosodium Space 
in Disease States 
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Fic. 2.—Correlation of the Blood Volume and Radiosodium Spaces in Disease States. 
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THE VALUE OF THE RADIOSODIUM 
MEtuobp. It should be emphasized, how- 
ever, that, although a small amount of 
sodium is normally found intracellu- 
larly, the sodium ion is the predomi- 
nant cation in the extracellular fluid 
and is of the greatest physiologic sig- 
nificance in the internal environment. 
The radiosodium atom is chemically 
identical with the ordinary sodium 
atom and, so far as is known, is treated 
by the body in an identical fashion. 
The radiosodium method is, therefore, 
superior to any other which can be 
used for measuring the volume of fluid 
in which the sodium ion is dissolved’. 

The nature of the disappearance 
curve suggests that after 3 hours the 
Nags atoms reach a state of equilibrium 
in a volume of fluid in which the met- 
abolism of sodium is relatively rapid, 
and that thereafter exchange with 
sodium in the bone occurs at a slower 
rate. It is known that the bones con- 
tain about 20% of the total body con- 
tent of sodium. 

Irrespective of the observation that 
the Nass space is greater than the ana- 
tomic extracellular space, it is suggested 
that this present method serves as an 
index to a measurable value which is 
of physiologic significance. 

Factors INFLUENCING THE RapIo- 
SODIUM AND THIOCYANATE SPACES. The 
values for the radiosodium or thiocya- 
nate space, as determined by the meth- 
ods used, may be influenced by several 
factors: (1) interstitial edema forma- 
tion due to decreased renal excretion, 
(2) the state of the intercellular cement 
system, and (3) the integrity of the 
tissue cell membrane. 

Interstitial edema. The magnitude of 
the Nass space can be used as an index 
to the degree of interstitial fluid reten- 
tion produced by decreased renal func- 
tion, as in cases of congestive heart 
failure and chronic glomerulonephritis. 
In the presence of localized edema, 


AIKAWA: 


such as arteriovenous fistula produces, 
the method can also be used for meas- 
uring interstitial fluid. In such in- 
stances, a definite correlation may be 
found between the Nass space and the 
degree of clinical pitting edema. 

‘It appears that the total blood vol- 
ume can expand to a certain maximum 
amount, beyond which there is a dis- 
proportionate increase in the extravas- 
cular interstitial fluid space. It is not 
known whether this increase is due 
entirely to true fluid retention or par- 
tially to a physiologic defect in tis- 
sue cell membrane produced by the re- 
sultant anoxia. 

Intercellular cement substance. Fol- 
lowing intravascular injection, the rate 
of diffusion of an ion into the extra- 
vascular space may be influenced by 
the nature and the state of the inter- 
cellular cement substance—the hyalu- 
ronic acid and chondroitin sulfuric acid 
systems. Although myxedema is asso- 
ciated clinically with puffiness, and his- 
tologically with increased deposition 
of hyaluronic acid in the skin, the exact 
relationship of thyroid function to vari- 
ous enzyme systems is as yet conjec- 
tural. It may well be that the increased 
thickness of the skin is due to abnormal 
retention of salt and water by colloidal 
substances in the interstitium. 

There is no adequate explanation for 
the apparent inverse relationship be- 
tween the thiocyanate and radiosodium 
spaces in the presence of myxedema. 
The thiocyanate space may be de- 
creased when an unusual amount of 
the ion is bound by serum albumin*. 
Whether such a phenomenon occurs in 
myxedema is not known. The thiocya- 
nate ion is known to block the concen- 
tration of iodide by the thyroid gland; 
it retards gel formation in vitro. The 
possible relationship of these isolated 
observations to the relatively low thio- 
cyanate space which has been observed 
in myxedema is open to speculation. 
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Although rheumatoid arthritis is us- 
ually considered to be primarily a dis- 
ease of the synovial membrane and 
periarticular tissue, diffuse lesions of 
the fibrous connective tissue have been 
described. Clinically, the skin over the 
affected parts becomes thin, tight and 
glossy. Incompletely polymerized hya- 
luronate has been found in the joint 
fluid of patients with this disease’. 
Factors which may be responsible for 
a relatively low Navy value in rheuma- 
toid arthritis may be an alteration in 
the serum binding of thiocyanate and 
a decrease in the rate of diffusion of 
Nass, as compared with thiocyanate. 

Tissue cell membrane. In certain 
other disease states, the normal rela- 
tive impermeability of the tissue cell 
membrane to the sodium ion may be 
altered and the rate of exchange of 
sodium ion between the extra- and in- 
tracellular compartment may then be 
increased. In such an event, the ap- 
parent radiosodium space would be in- 
creased out of proportion to the extent 
of clinical edema. This hypothesis may 
well explain the high radiosodium 
values which were obtained, in the 
absence of edema, in a case of rheu- 


matoid arthritis and in 2 cases of ac- 
tive rheumatic fever. If it be true, the 
Nass method may be used to measure 
defects in the dynamic equilibrium be- 
tween the intra- and extracellular fluid 
compartments. 

Summary. Simultaneous comparative 
determinations of the thiocyanate and 
radiosodium spaces were made in 29 
individuals, 25 of whom were hospital- 
ized for various medical diseases. In 4 
normal subjects the volumes of fluid 
available for dilution of these ions were 
practically identical; such a relation- 
ship did not always exist in disease 
states, however. 

With a Nass space greater than 330 
ml./kg. clinical pitting edema was us- | 
ually observed. In the few exceptions, 
it is postulated that an abnormal in- 
crease in the permeability of tissue cell 
membrane to the sodium ion had oc- 
curred. 

Although both methods measure a 
volume of fluid which is greater than 
the usually accepted extracellular fluid 
space, it is suggested that the radio- 
sodium method is a measurement which 
is of physiologic significance. 
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ELEVATED SERUM POTASSIUM AS A POSSIBLE CAUSE OF DEATH 
IN HYPERACTIVE STATES* 


By NORMAN ENDE, M.D. 
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AND 


JosepH Ziskinp, M.D. 


(From the Clinical Laboratory, Veterans Administration Hospital, Department of Biochemistry, 
Louisiana State University School of Medicine, and Department of Pathology, 
Tulane University School of Medicine, New Orleans, Louisiana) 


Deatus which occur during con- 


vulsive or hyperactive states frequently 
puzzle pathologists by their lack of 
significant findings at autopsy. Patients 
dying during severe mania or status 
epilepticus often may show only non- 
specific changes or a complete absence 
of any pathology to explain death?. It 
has been known for many years, how- 
ever, that a rise in serum potassium 
accompanies muscular activity and 
elevation of serum potassium has been 
recorded in experimental strychnine 
poisoning’®, exercise‘, tetany®, electric 
shock!”, and in epilepsy’. Recently we 
encountered a case which suggests that 
at least in some of these instances the 
immediate cause of death may be a 
lethal level of potassium which had 
been produced by the patient’s state of 
marked muscular activity. 


Case Report. The patient was a 33-year- 
old white male who had been drinking heav- 
ily for several months and was reported to 
have been severely intoxicated for 3 or 4 
days during the week prior to admission. 
Approximately 5 days prior to admission, the 
patient is said to have ceased his alcoholic 
intake. He then began to have difficulty in 
obtaining sleep which persisted until his 
demise. He was given chloral hydrate 24 
hours prior to admission without any ap- 


preciable relief. The day before admission, 
the patient became excited, picked up a gun 
and ran out of the house. It was then de- 
cided to admit him to a city mental institu- 
tion and the next day he was transferred to 
this hospital. While on his way to this hos- 
pital the patient became severely excited by 
an ambulance siren and it required several 
police officers to control him. Although he 
quieted momentarily while being put into 
his room, when the restraints were removed 
the patient became wildly excited, thrashed 
about on the floor, and was_ actively 
hallucinating. His color was described as 
ashen gray and he was sweating profusely. 
No record was obtained of his pulse, res- 
piration or blood pressure. After about an 
hour in this severely hyperactive state, the 
patient suddenly collapsed and _ vomited. 
When seen by the resident physician he was 
in extremis. Although no heart sounds could 
be detected, it was noted that the patient 
continued to take several breaths. 

The necropsy was begun 1 hour and 45 
minutes after death and was conspicuous 
by its failure to disclose any gross pathology. 
The body was that of a well developed, well- 
nourished young male with no gross patholog- 
ical findings and the microscopic examina- 
tion yielded no additional information. A 
blood culture was taken but no growth was 
obtained. Portions of the liver, brain and 
kidney were sent to the Army Medical 
School for toxicological examination but 
were negative. 


* Sponsored by the Veterans Administration and published with the approval of the Chief 
Medical Director. The statements and conclusions published by the authors are a result of 
their own study and do not necessarily reflect the opinion or policy of the Veterans Adminis- 


tration. 
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At the beginning of the necropsy 
when a blood culture was obtained, 
some blood was also collected in a 
dry clean test tube for possible tox- 
icological studies. It was kept in an 
ice box at 9° C. Two days later it was 
decided that a potassium determina- 
tion on this might be of interest. The 
serum did not show gross evidence of 


Serum K 
(m. eq./1.) 
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not separated for 67 hours, it was felt 
that the potassium figure would be of 
some significance only if it could be 
corrected for the effects produced by 
these delays. Therefore, in 8 unselected 
postmortem cases, serial specimens of 
blood were collected at varying time 
intervals after death (Fig. 1). Some 
of these specimens were collected in 


18 


16 


6 
Average rise in serum 
K=/.05 m.eq./1./hr. 
4 l 
2 6 8 10 12 
Hours 


Fic. 1.—Rate or rise of potassium in the body after death in 8 cadavers from which con- 
secutive specimens of blood were obtained. 


hemolysis and was separated 67 hours 
after being drawn. Determinations on 
this serum yielded a potassium value 
of 18 mEq., sodium of 182 mEq., a 
specific gravity of 1.0315 and calcium 
of 13.9 mg. per 100 cc. The potassium 
determination was repeated several 
times. Since this was postmortem 
blood, collected approximately 2 hours 
after death, and since the serum was 


duplicate, one being separated imme- 
diately while the other was allowed to 
stand in the icebox at 9° C. for vary- 
ing lengths of time. (Fig. 2). As may 
be seen from Fig. 1, the average rise 
of potassium in the body after death is 
about 1 mEq. per hour. In the period 
right after death, the rise in some cases 
was about 1.5 mEq. per hour but in no 
case, did the rise exceed 3 mEq. in 


| | 
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2 hours. The irregularities in the re- 
sults in Fig. 1 might be explained by 
the fact that the samples were selected 
from various sites in the body. The 
intracardiac blood clotted rapidly in 
situ and ordinarily only one sample 
could be obtained from this site. When 
this occurred, other areas such as the 
right and left femoral vein, and right 
and left subclavian vein were in turn 
aspirated until blood was no longer 


m.eq.K/I.serum 


BRAZDA, 


ZISKIND: 


twelve hours after death it is not in- 
cluded in Graph 1. Duliere* reported 
slightly higher values in blood allowed 
to stand for 3 days. Although Scudder 
et al.'! reported that the serum potas- 
sium in 13 patients at death averaged 
7.6 mEq., the level of the potassium 
in our samples of immediate post- 
mortem blood was somewhat lower. It 
should be remembered, however, that 
only a few of our specimens were ob- 
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Fic. 2.—Rate of rise of serum potassium in 6 specimens of blood kept in icebox at 9°C., for 
varying lengths of time. 


obtainable. In one case blood was 
obtained simultaneously from 4 dif- 
ferent sites and a definite variation 
was found. In general it was noted 
that blood stored in the ice box showed 
a greater leakage of potassium into 
the serum in those cases which at the 
first determination were already ele- 
vated (Fig. 2). The maximum rise was 
3.3 mEq. and required 74 hours with 
an initial reading of 22 mEq. Blood was 
collected only once from this patient 
and because this blood was obtained 


tained immediately after the patient 
had died. Noting that the maximum 
rise of serum potassium separated 
within 2 hours after death is 3 mEq., 
and that the maximum rise due to 
potassium leakage into the serum when 
the blood is refrigerated 67 hours at 
9° C. is also 3 mEq., we concluded 
that we may use these elevations in 
potassium as acceptable correction 
measures which might be used to yield 
an estimate of the level of serum 
potassium in the case here presented 
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at the time of his death. In the event 
of such correction, it could be esti- 
mated that this patient's serum potas- 
sium level was 12 mKq. at the time of 
death. While it has been shown that at 
8 mEq. of potassium, death can occur’, 
10 mEq. is usually considered lethal’ 
and only a rare survival occurs above 
12 mEq.°. The length of time that 
these levels of potassium must be 
maintained to result in death might 
well be an important factor. Hirsch- 
felder’? has reported levels of potassium 
in status epilepticus patients that were 
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exercise (Table 1). A rise of one mEq. 
was noted. Patients receiving electric 
shock who had one grand mal seizure 
from 0.2 sec. of 180 volts and 1 ampere 
with a convulsion lasting from 30 to 
45 seconds showed a rise of potassium 
of 1 to 15 mEq. (Table 2). Similar 
results were obtained by Welt et al.}°. 
Rises of kaliemia have been reported 
by other authors in cases of severe 
muscular activity. A rise of serum 
potassium ranging from 23% to 45% has 
been reported in rabbits given strych- 
nine’, Hirschfelder? reported eleva- 


TABLE 1.—ELEVATION OF SERUM POTASSIUM UNDER SEVERE EXERCISE 
Rise of Serum K Distance run Time in 
in mEq. in miles minutes 
| 1 0.85 6 
2 1 0.2 I 
TABLE 2.—CHANGES IN SERUM POTASSIUM FROM ELECTRIC SHOCK THERAPY 


FROM 180 VOLTS AND 1 AMPERE FOR 0.2 SECONDS 


K Before 
Electrie Shock 


Patient in mEq. 
B. L. 4.4 
B. A. 4.7 
M. U. 4.0 
M. I. 4.5 
K. A. 4.1 


of a lethal level, but there was no 
mention made as to whether or not 
any deaths occurred. When the kali- 
emia has been raised to a high level 
by intravenous use of potassium for 
therapy, however, death is reported to 
have occurred very quickly*. We at- 
tempted to collect blood from very 
active patients for potassium deter- 
minations, but, as our Neuropsychiatric 
Service is quite small, we were unable 
to find patients whose hyperactivity 
levels were similar to the case pre- 
sented here. Therefore, we had 2 adult 
males without any physical condition- 
ing run varying distances and blood 
was collected before and after the 


K At the End 


of Convulsion 


K 10 min. after 
Electric Shock 


in mEq. in mEq. 


4.6 3.5 
4.7 4.3 
§.5 3.8 
6.0 3 
5.4 


tions of potassium which varied di- 
rectly with the severity of epileptic 
attacks. The status epilepticus cases 
exhibited levels which might be fatal 
while the mild epileptic convulsions 
produce only slight rises. Undoubtedly 
kidney function and dehydration could 
have an effect on potassium levels. In 
our case there was an increased spe- 
cific gravity but no evidence of renal 
failure. 

The conclusions arrived at from such 
a case as here presented must definitely 
be taken with reservations. There is 
some evidence to suggest, however, 
that this patient might have expired 
due to a level of potassium incompat- 
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ible with life, which elevation was 
probably the consequence of severe 
muscular activity. 

Conclusion. The case here presented 
is one of a 33-year old male who was 
admitted to this hospital with delirium 
tremens during a period of marked 
hyperactivity. Potassium determina- 
tions were performed on the serum of 
blood collected within 2 hours after 
death and stored in an ice box for 67 
hours before separation of the serum. 
Corrections for these delays were 
based on 8 unselected postmortem 
cases whose blood was subjected to 
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similar processes. A possible lethal 
level of potassium was calculated and 
there is some evidence to suggest that 
the patient’s hyperkaliemia might have 
resulted from severe muscular activity. 
A strong suggestion is made that fur- 
ther studies be carried out at larger 
institutions where similar cases are 
available. Our studies indicate that 
serum potassium levels in the body 
apparently rise at a relatively uniform 
rate after death, and some value may 
be attached to determination of potas- 
sium made within 2 or 3 hours after 
death. 
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THE RESPONSE OF THE VENOUS PRESSURE OF MAN 
TO A HOT AND HUMID ENVIRONMENT* 


Henry K. Tureeroot, M.D.** 
CINCINNATI, OHIO 


(Submitted as Senior Thesis to the Department of Medicine, Tulane University School 
of Medicine, New Orleans, Louisiana) 


WHILE many aspects of the circula- 
tory response of man to a hot and hu- 
mid environment have been studied, 
observations of the venous pressure 
have been neglected. Studies have 
been made of the effects of heat on 
blood volume?:*:!*, blood flow to a part 
arterial pressure, pulse pres- 
sure and cardiac output!?, 
and other circulatory phenomena. Lew- 
is'° and Landis® have reported the re- 
sponse of venular pressure to local 
heat, and Henry® described changes in 
venous pressure in the foot under the 
influence of local heat. The experiments 
described in this paper were designed 
to observe changes in venous pressure 
in normal man exposed to a controlled 
hot and humid environment. The re- 
sults obtained may serve as an aid in 
better understanding physiologic read- 
justments in the cardiovascular systems 
of men living in the tropics or working 
in hot and humid atmospheres. 


Method. The studies were performed on 
10 normal male subjects aged 18 to 28 years, 
after each subject rested on a hospital bed 
in an air-conditioned room at 25° C. and 
about 60% relative humidity for 30 minutes. 
At the end of 30 minutes the arterial pres- 
sure in the arm was recorded. by a clini- 
cal mercury sphygmomanometer, and ven- 
ous pressures were recorded by the Phle- 
baumanometer!5 in median basilic veins, dor- 
sal veins of the hands, and dorsal veins of 
the feet. The veins employed in each subject 


are indicated in Table 1. Continuous record- 
ing of rectal temperature was obtained by 
means of a thermocouple. 

The room temperature was then raised in 
approximately 15 minutes to 40 to 45° C. 
and about 100% relative humidity. The pulse 
rate and arterial blood pressure were re- 
corded at 10-minute intervals. Venous pres- 
sure was remeasured only at the end of the 
period of exposure to the hot environment. 
Since a maximum physiologic response was 
desired, the subjects remained in the hot en- 
vironment until they became extremely un- 
comfortable before the venous pressure was 
remeasured. The limits of physical and 
psychic tolerance to the environment were 
determined arbitrarily from the tachycardia, 
rectal temperature, vertigo, faintness, nausea, 
restlessness and mental distress, and the state- 
ment by the subject that he could bear the 
heat no longer. The duration of exposure, 
therefore, varied among the subjects from 
30 to 60 minutes, average 49 minutes. Be- 
cause it was previously noted that hyperven- 
tilation probably contributes to vertigo and 
faintness! and thus may shorten the period 
of individual tolerance, the subjects were ad- 
vised to breathe at as nearly their normal 
rates and depths as possible. 


Results. The venous pressure rose 
after exposure to the hot and humid 
environment in every vein studied in 
each subject (Table 1). The average 
increase in venous pressure in the med- 
ian basilic vein was 40.9 mm. water 
(range, 15 to 95), 47.7 mm. water 
(range, 20 to 90) for the dorsal vein 
of the hand and 35.7 mm. water 
(range, 15 to 50) for the dorsal vein 


*This work was aided by grants from the Public Health Service, The Life Insurance Medi- 
cal Research Fund, the Mrs. E. J. Caire Fund for Research in Heart Disease, and in part 
by the Medical Research and Development Board, Office of the Surgeon General, Depart- 
ment of the Army, Contract No. Da-49-007-MD-182. 


**Now Intern, Cincinnati General Hospital, Cincinnati, Ohio. 
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TABLE 1.—-INCREASE IN VENOUS PRESSURE IN MAN PRODUCED BY CHANGING 
THE ROOM AIR FROM A COMFORTABLE ONE (25° C. AND 60% RELATIVE 
HUMIDITY) TO A HOT AND HUMID ONE (40 TO 45° C. AND ABOUT 
100 PER CENT RELATIVE HUMIDITY 


Venous Pressure mm. HO 


Subject Comfortable Time Ex- 
Number Vein* Room Hot Room Increase % Increase posed—M in. 
dorsal vein 
| of hand 200 235 35 12.5 
median 30 
basilic 120 145 25 20.8 
median 
basilic 155 190 35 22.6 
dorsal vein 
2 of hand 195 240 45 23.1 40 
median ba- 
silic (R) 160 185 25 13.6 
dorsal vein 
of hand (R) 205 270 65 31.2 
median 
basilic 110 195 85 11.9 
3 | dorsal vein 
of hand 155 200 45 29.0 30 
dorsal vein 
of foot 180 220 40 22.2 
median 
basilic 100 120 20 20.0 
+ | dorsal vein 60 
of hand 135 160 Q5 18.5 
dorsal vein 
of foot 145 185 40 27 .6 
median 
basilic 95 160 65 67.1 
5 dorsal vein 30 
of hand 165 205 40 23.6 
dorsal vein 
of foot 195 235 40 20.5 
median 
6 basilic 130 145 15 7.7 
dorsal vein 35 
of hand 165 205 40 23.6 
median 
7 dorsal vein 30 
of hand 145 205 60 41.4 
dorsal vein 
of foot 145 165 20 13.8 
median 
basilic 115 “| FEL 210 96 82.5 
8 | dorsal vein 45 
of hand 140 230 90 64.3 
dorsal vein 
of foot 170 220) 50 29 4 
median 
basilic 110 130 20 18.2 
9 | dorsal vein 35 
of hand 140 175 35 25.0 
dorsal vein 
of foot 155 170 15 9.7 
median 
basilic 95 120 25 26.4 
10 } dorsal vein 40 
of hand 140 185 45 $2.2 
| dorsal vein 
of foot 160 205 45 28.1 


* All veins measured are on the left side unless otherwise indicated by (R) denoting right side. 
(644 ) 
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of the foot. When manual pressure was 
applied over the liver of subject No. 10, 
there was no detectable change in the 
venous pressure in the median basilic 
vein. 

The changes in systolic and diastol- 
ic arterial pressures and the pulse pres- 
sures, measured in 9 subjects, varied 
considerably. The systolic pressure fell 
in 4 subjects, remained unchanged in 
2, and rose in 3. The diastolic pressure 
fell in 6 subjects, remained the same 
in one, and rose in 2. The pulse pres- 
sure narrowed in 3. subjects and 
widened in 6. The pulse rate rose in 
each subject in essentially direct pro- 
portion to the duration of exposure to 
heat. 

The average rise in rectal tempera- 
ture was a 1.03° C., the maximum level] 
being related to the duration of ex- 
posure. The skin became flushed in 
every subject and sweating was pro- 
fuse. The superficial veins were mark- 
edly dilated after 20 minutes exposure 
to the heat. Muscular relaxation, pro- 
gressive lethargy, and a compulsion to 
hyperventilate were noted in all sub- 
jects. Other phenomena observed in- 
cluded slight vertigo in 4, paresthesias 
of the hands and feet in 4, nausea in 
one, and nasal congestion in one. 

Discussion. The study indicates that 
venous pressure rises in the superficial 
veins of normal man exposed to a hot 
and humid environment for short peri- 
ods of time (30 to 60 minutes). The 
absolute rise in venous pressure could 
not be predicted by the length of time 
the subject was exposed to the hot and 
humid environment. Because the sub- 
jects could not remain in the hot envir- 
onment sufficiently long, it was not 
possible to study the levels of and 
conditions for maximal rise in venous 
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pressure. The time-course of the 
change in venous pressure was not 
studied. The changes in venous pres- 
sure showed no significant correlation 
with changes in arterial pressure, pulse 
pressure, pulse rate or rectal tempera- 
ture. 

Many other factors, which influence 
the venous pressure and most probably 
are etiologically related to its elevation 
noted in these experiments, such as 
arteriolar tone, volume of blood in the 
veins, venous tone, muscular tone, 
force of cardiac systole, and degree 
of arterio-venous shunting, were not 
studied. Therefore. no mechanism of 
the elevation of the venous pressure 
can be postulated from these data. The 
rises in venous pressure in these sub- 
jects studied with the entire body ex- 
posed to carefully controlled hot and 
humid conditions is in accord with 
those venular and venous pressure 
changes observed by Lewis and Hay- 
nal'®, Landis®, and Henry and Gauer® 
upon exposure to local heat. 

The average increase in venous pres- 
sure was greater in the upper extremity 
than in the lower extremity, which is 
in agreement with the work of others 
showing the vessels of the upper ex- 
tremity to be more sensitive to physi- 
cal stimuli than those of the lower’*. 

Summary. The influence of 30 to 60 
minutes of exposure of 10 normal male 
subjects to a controlled hot and humid 
environment (40 to 45° C. and about 
100% relative humidity) was studied. 
The venous pressure rose in each 
superficial vein measured in every 
subject. There was no correlation be- 
tween the changes in venous pressure 
and those in arterial pressure, pulse 
rate or rectal temperature. 


The author acknowledges the aid and guidance of Dr. G. E. Burch, Professor of Medicine, 
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As a therapeutic agent oral theo- 
phylline has left much to be desired 
because of the untoward side effects 
which result from large doses and pro- 
longed administration of it. The pres- 
ent study has been undertaken in an 
attempt to find a more satisfactory 
means of administering theophylline 
orally. And, because the vasodilatory 
effect of theophylline is also con- 


TABLE 1.- 


Each tablet 
contains 


Aminophylline 100 mg. 


Theophylline 130 mg. 


Sodium Nitrite 
Theophylline 


185 mg. 
Sodium Ascorbate 


troversial':*:*, theophylline as a vaso- 
dilator has been studied. 

Two new theophylline double salts, 
theophylline sodium nitrite and theo- 
phylline sodium ascorbate, were in- 
vestigated. Theophylline sodium ni- 
trite contains 25% sodium nitrite and 
62% anhydrous theophylline. Theo- 
phylline sodium ascorbate contains 
43% ascorbic acid and 43% anhydrous 


COMPOSITION 


theophylline. The drugs were admin- 
istered as uncoated tablets, each tablet 
containing 80 mg. anhydrous theo- 
phylline which is equivalent to 100 
mg. (1% grains) of aminonhylline 
(Table 1). When ~ossible, these two 
new compounds were compared with 
aminophylline. (In order to facilitate 
comparisons, all data will be referred 
to the dosage of theophylline. ) 


OF MEDICATION USED 


Equivalent to 


80 mg. of anhydrous theophylline 
80 mg. of anhydrous theophylline 
plus 30 mg. of sodium nitrite 
80 mg. of anhydrous theophylline 
plus 78 mg. of ascorbic acid 


THEOPHYLLINE BLoop LeEvE.s. Using the 
method of Schack and Waxler*, theophylline 
blood levels were determined following var- 
ious doses of the above mentioned drugs. 
Because previous reports® show wide vari- 
ations in theophylline blood levels in dif- 
ferent individuals, the data ‘in Table 2 offer 
valuable comparative figures. These figures 
demonstrate clearly that all 3 compounds 
used were absorbed equally well from the 
gastrointestinal tract, and produced the same 
theophylline blood levels. Thus, these com- 


* Present address: Riker Laboratories, Los Angeles, California. 
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pounds are interchangeable as far as theophyl- 
line is concerned. It should also be noted 
that when the drugs have been administered 
for one week or longer, theophylline disap- 
pears rather slowly from the bloodstream. 
Appreciable amounts were still present 10 to 
14 hours after the last administration of the 
drug. 


THEOPHYLLINE SopruM Nitrite. The 
combination of theophylline with so- 
dium nitrite was prepared and investi- 
gated with the idea that the two com- 
ponents might supplement each other 
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each patient received a single dose of 
either 240 mg. theophylline sodium 
nitrite (2 tablets) or 60 mg. of sodium 
nitrite. Blood pressure, pulse rate and 
respiration were measured at 2-minute 
intervals, then, at 5-minute intervals 
for a total of 30 minutes. Eight or 9 
individual determinations were record- 
ed. The results (Table 3) show the 
typical effect of nitrites with the 
systolic pressure being reduced more 
than the diastolic pressure. The re- 


TABLE 2.—AVERAGE THEOPHYLLINE BLOOD LEVELS IN MG. PER 100 CC. 
DURATION OF TREATMENT 10 TO 30 DAYS 


Theophylline Dose - 


in gm. per day 0.48 0.64 0.96 
Theophylline 

Sodium Ascorbate 0.86 1.05 
Theophylline 

Sodium Nitrite 0.66 0.97 
Aminophylline 0.67 0.87 1.07 


2 hours after morning dose a) 


10 to 14 hours after last dose b) 


1.28 0.48 0.64 0.96 1.28 
1.40 0.31 0.32 0.44 
0.22 0.32 
0.27 0.39 


a) These blood samples were taken on the 6th or 7th day of treatment. 
b) These blood samples were taken after medication had been administered for 10 to 30 days. 


TABLE 3.—EFFECT OF A SINGLE DOSE OF THEOPHYLLINE SODIUM NITRITE OR 
SODIUM NITRITE ON BLOOD PRESSURE DURING 30 MINUTE PERIOD FOLLOWING 


DRUG ADMINISTRATION 


}, 


Theophylline-Sodium Nitrite, 


240 mg. 


Sodium Nitrite, 60 mg. 


Number of 


Resting blood pressure 
patients 


before drug 


8 178/105 151/93 
as coronary dilators. In addition, the 
hypotensive effect of sodium nitrite 
was considered desirable in patients 
with elevated blood pressure, in view 
of the fact that theophylline has a ten- 
dency to produce a rise in blood pres- 
sure in normal individuals. 

In the first series of experiments, the 
effect of a single dose of theophylline 
sodium nitrite was compared with that 
of an equal dose of sodium nitrite 
alone. A group of 8 patients with mod- 
erate hypertension were used for the 
study. After a suitable rest period, 


Lowest blood pressure 
after drug 
administration 


Lowest blood pressure 
after drug 
administration 


Resting blood pressure 
before drug 


170/104 148/93 


duction in blood pressure was the 
same both in the presence and in the 
absence of theophylline. This is of 
some importance since theophylline 
may cause a temporary rise in blood 
pressure in normal individuals. There- 
fore, it must be used with caution in 
hypertensive individuals. No definite 
changes were observed in pulse rate 
or respiration. 

After it had been established in 
acute tests that theophylline sodium 
nitrite effectively reduces blood pres- 
sure, the drug was used in the treat- 
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ment of essential hypertension. Seven- 
teen female ambulatory patients rang- 
ing in age from 48 to 73 years were 
included in this group. Nearly all 
patients had some degree of ar- 
teriosclerosis, and several patients had 
been or were in congestive heart fail- 
ure. There were no cases with acute 
or chronic nephritis. An average daily 
dose of 9 tablets of theophylline sodi- 
um nitrite was administered. Dosage 
ranged from 4 to 12 tablets daily—the 
usual dosage schedule being 2 or 3 
tablets after meals and at bedtime. 
Each tablet contained the equivalent 
of 80 mg. anhydrous theophylline and 
30 mg. of sodium nitrite. Treatment 
continued for at least 4 weeks and in 


TABLE 4. 
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The other 8 patients returned to the 
initial blood pressure values (Table 4). 
The clinical response was apparently 
not related to the dose of the medica- 
tion because the average drug intake 
in each group was 9 tablets daily, con- 
taining 720 mg. of anhydrous theo- 
phylline and 270 mg. of sodium nitrite. 
Thus, one may conclude that in this 
small series of 17 cases the response 
to the hypotensive action of theophyl- 
line sodium nitrite was fair in 24%, 
temporary in 47%, and negative in 29%. 
The changes in blood pressure were 
again those typical of nitrite action 
with a greater fall in the systolic than 
in the diastolic pressure. Untoward 
reactions such as nausea, dizziness, 


EFFECT OF THEOPHYLLINE SODIUM NITRITE ON BLOOD PRESSURE 


OF HYPERTENSIVE PATIENTS 


No. of After At end of 
patients Initial 2-3 weeks treatment Result 
1 218/108 170/95 185/103 (7 weeks) Persistent reduction 
in systolic pressure 
8 190/105 169/94 191/110 (5 weeks) Temporary reduction 
5 220/114 232/110 258/123 (5 weeks) No change 


several instances up to 9 weeks. The 
average period of the study was 5% 
weeks. Patients were seen at weekly 
intervals, at which time blood pressure 
and pulse rate were determined. Case 
histories and past clinical evidence 
indicated that these patients did not 
lend themselves particularly well to 
the treatment of hypertension. 

The blood pressure determinations 
demonstrated that 12 patients re- 
sponded with a reduction of blood 
pressure while 5 patients remained 
unaffected. In all cases where a hypo- 
tensive action was seen, it was notice- 
able about 2 or 3 weeks after treat- 
ment was begun. However, in only 4 
of the 12 who responded was it pos- 
sible to maintain some reduction of 
blood pressure for a prolonged period. 


and vomiting were observed in four 
patients. 

THEOPHYLLINE SopruM ASCORBATE. 
Since ascorbic acid has been claimed 
to possess certain “detoxifying” prop- 
erties, it was felt that there might be 
some advantages in combining it with 
aminophylline. In addition, it has been 
reported that ascorbic acid has some 
diuretic action and thus may support 
the action® of theophylline. 


An experiment was first set up to com- 
pare the acute tolerance of theophylline so- 
dium ascorbate to that of aminophylline. 
Seventeen patients were selected for the ex- 
periment. Nine of these took both drugs 
while eight took only one drug. Each per- 
son started with 1 tablet three times daily, 
each tablet containing the equivalent of 80 
mg. of anhydrous theophylline. The dose was 
increased by 3 tablets daily, and medication 
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continued until 
appeared. 


nausea and/or 


vomiting 


The results of this acute tolerance 
test indicated no significant difference 
between theophylline sodium ascor- 
bate and aminophylline. The average 
total dose tolerated by the patients 
was 3.6 gm. of theophylline as theo- 
phylline sodium ascorbate and 3.9 gm. 
theophylline as aminophylline. The 
toxic side reactions usually appeared 
on the 4th or 5th day and the highest 
dose averaged 360 mg. of anhydrous 
theophylline equivalent to a daily 
dose of 1.08 gm. 

When theophylline sodium ascorbate 
was administered for several weeks to 
a group of 19 patients, nausea or 
vomiting developed in 8 (42%) on a 
daily dose of 0.64 gm. of theophylline. 
This effect usually developed during 
the 2nd week of treatment. Compar- 
ing this data to the results of the 
acute tolerance test, it would seem 
that on prolonged administration there 
is either a gradually reduced tolerance 
limit or cumulative systemic effect of 
the drug. 

It is not possible in these tests to 
distinguish between a strictly local 
irritation of the gastrointestinal tract 
and a possible systemic toxic effect of 
the administered theophylline. How- 
ever, the authors believe that the 
nausea and vomiting observed in this 
type of experiment is due to a local 
emetic action of theophylline. There- 
fore, one could hardly expect any 
ameliorating influence of ascorbic acid. 


The second phase of the study with 
theophylline sodium ascorbate was concerned 
with the diuretic action of this drug. The 
preparation was given to 19 ambulatory 
patients who had been under clinical ob- 
servation for several months or years prior 
to this investigation. All patients were in 
chronic failure and were maintained at or 
near “dry” weights only by frequent and 
regular administration of mercurial diuretics 
and low salt diets. In addition, each patient 


ALLEN, 


CRONHEIM: 


received digitalis at a previously established 
optimum dose. 

The patients were weighed at each visit, 
and weight was used as the criterion in 
judging the effect of the medication. In all 
cases an attempt was made to keep the 
patient’s weight within the range previously 
attained with mercurial diuretics. Success in 
maintaining this weight without mercurials 
or with a substantial reduction of them was 
taken as an indication of the diuretic ef- 
fect of theophylline sodium ascorbate. In 
borderline cases, distilled water was sub- 
stituted for the mercurial diuretics during a 
trial period. This usually was continued for 
one week or until it was determined if the 
patient needed the mercurial diuretic or 
could be maintained without it. 

The patients were seen at weekly intervals, 
and the observation extended over a period of 
from 4 to 10 weeks (average 5 weeks). The 
group included 3 men with an average age 
of 60 years and 16 women with an average 
age of 53 years. 

In order to evaluate the results, the pa- 
tients were arranged according to their 
tolerance of the drug. Obviously, one should 
not expect any diuretic effect if the patient 
is unable to take the minimum dose required. 


Group 1: Ten patients took the 
medication for an average period of 
five weeks in daily doses varying from 
0.6 to 1.92 gm. of theophylline (aver- 
age 1.28 gm.). No untoward reactions 
were observed. All patients showed 
satisfactory clinical response. Eight of 
the patients maintained their weight 
without any mercurial diuretics. The 
remaining 2 required only one injec- 
tion of mersalyl-theophylline at weekly 
intervals whereas they had needed 2 
injections a week prior to theophylline 
therapy. 

Group 2: In 4 patients, the medica- 
tion was not tolerated in doses of 0.96 
gm. per day. Severe nausea was pro- 
duced. However, with 0.64 gm. per 
day, treatment could be maintained 
for 3 weeks. One patient tolerated 
this treatment for 10 weeks. Require- 
ments for mercurial diuretics were 
reduced as long as the medication was 
taken at the maximum tolerated level 
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of from 0.64 to 0.96 gm. per day. 

Group 8: Five patients were so sen- 
sitive to theophylline that they reacted 
with severe and repeated vomiting to 
relatively small doses, never exceeding 
0.64 gm. of theophylline per day. Thus, 
treatment had to be discontinued with- 
in one, or at the longest, 2 weeks. No 
clinical response was observed in any 
of these patients. 

The above data indicate that theo- 
phylline sodium ascorbate has a good 
diuretic action provided it is tolerated 
at the minimum effective dose. Judg- 
ing from the 19 patients investigated 
in this study, it appears that about 
1.0 gm. of theophylline per day rep- 
resents a_ satisfactory dose. If this 
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AMINOPHYLLINE. Ten of the patients 
who had previously received theo- 
phylline sodium nitrite and/or theo- 
phylline .sodium ascorbate were also 
given, after a suitable interval, equiva- 
lent doses of aminophylline. Adminis- 
tration of aminophylline extended over 
a period of from 3 to 4 weeks. The 
clinical response with aminophylline 
was the same as with theophylline 
sodium ascorbate. There is a satis- 
factory diuretic action if an effective 
dose can be tolerated and there is a 
slight reduction in blood pressure. It 
is not possible, of course, to compare 
the therapeutic activity of theophylline 
sodium nitrite to aminophylline. 


TABLE 5.—EFFECT OF THEOPHYLLINE SODIUM ASCORBATE ON BLOOD PRESSURE 
Average Blood Pressure 
Dose of Theophylline after 

No. of in gm. day Tolerance of . 
Group patients Range and average medication Initial 1-2 weeks 3-5 weeks 

I 10 0. 64-1.92 (1.28) Good 176/98 156/88 171/95 

I] I 0.64-0.96 (0.69) Fair 110/57 110/57 120/60 

It] 5 Not over 0.64 Poor 153/100 153/100 — 


amount can be taken, one may expect 
a reasonably good control of the 
edema as indicated by the weight of 
the patient. 

The blood pressure recordings for 
the 3 groups (Table 5) indicated that 
with the higher doses of theophylline 
sodium ascorbate a slight temporary 
reduction in blood pressure results. 
However, it must be kept in mind that 
the influence of theophylline on blood 
pressure is the result of two antagonis- 
tic effects of the drug. While the vaso- 
dilating action tends to lower the blood 
pressure, the cardiac stimulation would 
have the opposite result. In addition, 
it may also be assumed that the diu- 
retic effect of theophylline in these 
patients may have a beneficial influ- 
ence on the blood pressure. 


Discussion: The theophylline blood 
levels obtained with equivalent oral 
doses of aminophylline, theophylline 
sodium nitrite and theophylline sodium 
ascorbate are the same for all 3 prepa- 
rations. Thus, as far as the action of 
theophylline is concerned, these drugs 
are interchangeable. The same seems 
to be true also of their tolerance fol- 
lowing oral administration. 

The specific pharmacological and 
physiological action of the 2 new theo- 
phylline double salts is apparently the 
same as can be expected from a strictly 
additive effect of the components. 
This observation opens some interest- 
ing possibilities for the treatment of 
conditions such as angina pectoris 
which respond both to theophylline 
and sodium nitrite, but where toler- 
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ance develops quickly to either drug 
given individually in adequate 
amounts. 

The main problem in the use of 
theophylline as a diuretic is that an 
adequate dose can seldom be admin- 
istered without untoward side reac- 
tions. Judging from the patients who 
responded satisfactorily, it appears 
that a diuretic effect may be expected 
from the minimal daily administration 
of 1 gm. of theophylline. Unfortunate- 
ly, only about 40% of the patients were 
able to tolerate this dose. Therefore, 
it is highly desirable to develop an 
oral dosage form for theophylline that 
will overcome this difficulty. Experi- 
ments along this line will be reported 
elsewhere. 

Summary. 1. Two new theophylline 
double salts, theophylline sodium ni- 
trite and theophylline sodium ascor- 
bate have been investigated and the 
therapeutic activity of these com- 


pounds has been compared to the 


therapeutic activity of aminophylline 
when possible. 


2. The absorption from the gastroin- 
testinal tract and the theophylline 
blood levels attained are the same for 
all 3 preparations. 

3. The therapeutic action of the 2 
new double salts of theophylline is 
that which can be expected from an 
additive effect of the components. In 
a single dose test, the hypotensive ac- 
tion of theophylline sodium nitrite is 
the same as that of sodium nitrite 
alone. Prolonged administration of 
theophylline sodium nitrite to 17 hy- 
pertensive patients produced some per- 
sistent improvement in 4 cases (24%), 
and temporary improvement in 8 cases 
(482). 

4. Theophylline sodium ascorbate 
was investigated for gastric tolerance 
and diuretic effect. The gastric toler- 
ance is the same as that of aminophyl- 
line. A satisfactory diuretic action 
from theophylline sodium ascorbate 
may be expected if a dose of about 
1 gm. of theophylline per day is toler- 
ated. 


The authors acknowledge with great pleasure their gratitude to Dr. Edgar Hull who, 
by his continuous help and advice, greatly contributed to the completion of this study. 
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MONARTICULAR AND DESTRUCTIVE ARTHROPATHY 
IN REITER’S SYNDROME. 


By Joun K. Gucx, M.D. 
AND 


Jutrus Wo tr, M.D. 
NEW YORK. NEW YORK 


(From the Medical Service of the Bronx Veterans Administration Hospital) 


THE occurrence of a_ polyarthritis, 
usually of the asymmetric variety, and 
accompanied by urethritis and con- 
junctivitis, is now rather generally ac- 
cepted under the name of Reiter’s dis- 
ease or Reiters 
Over the past 5 years, 7 cases of this 
symptom-complex have been observed 
at the Bronx Veterans Hospital, 2 of 
which have presented features not 
usually described in this disease. 

The diagnosis of Reiter's syndrome 
rests on clinical grounds and _ invar- 
iably depends on the exclusion of a 
gonorrheal infection by bacteriologic 
study. The disease is usually limited 
to young adult males. The _ initial 
symptom in most cases is urethritis. 
This varies from a slight muco-pur- 
ulent discharge noted only on arising 
in the morning to a more or less con- 
tinuous thick purulent discharge ac- 
companied by frequency and dysuria 
and, on occasion, hematuria. There is 
an associated prostatitis or cystitis. 
Epididymitis is conspicuous by its ab- 
sence. The duration of the urinary 
svmptoms is most variable, from a few 
days to months. 

The conjunctivitis which is usually 
purulent may, however, in a significant 
number of cases be entirely absent. 
When present the inflammation is dif- 
fuse and may spread to the sclera or 
cornea. Although the exudate is pur- 
ulent, cultures are most often nega- 
tive. This portion of the triad is fre- 


quently of short duration, but recur- 
rence with the other members is not 
uncommon!?*, 

Perhaps the outstanding symptom 
and certainly the one for which the 
patient is most apt to seek hospitaliza- 
tion is the arthritis. This is charac- 
terized by sudden onset, its appearance 
having been heralded by the urethritis 
and the conjunctivitis. Almost any joint 
in the body may be involved, but there 
is a definite predilection for the 
weight-bearing joints (ankles and 
knees). The small joints of the hands 
and feet, hips and vertebral joints are 
rarely affected. Moderate fever is 
usually seen with the arthritis as well 
as a slight to moderate degree of 
leukocytosis and elevated sedimenta- 
tion rate. The involved joint has the 
appearance of an infectious arthritis. 
It is reddened, warm, swollen and 
tender. The joint involvement is 
usually progressive and multiple and 
clears without any residua, but as in 
the cases to be reported it may be 
solely or predominantly monarticular 
and may progress to a destructive 
arthropathy* 

This con’ .vn is not infrequently 
complicat . by skin and mucous mem- 
brane les.ons!”. Perhavs the most com- 
mon of these is “balanitis circinata”. 
Of particular interest is the occasional 
occurrence of a keratotic dermatitis 
which is indistinguishable from “kera- 
todermia blennorrhagica” which had 
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for many years been said to appear 
only as a complication of gonococcic 
arthritis. Two such cases were seen in 
our group of patients. 

Two of the 7 patients seen in this 
hospital during the last 5 years were 
of interest because in one there was 
only monarticular disease and _ the 
other had predominantly monarticular 
arthritis which went on to complete 
joint destruction. Because of insuffi- 
cient attention in the literature to these 
possibilities, the 2 cases are being pre- 
sented. More detailed description will 
be given of the second case due to its 
unusual interest. 


Case No. 1. On May 16, 1949, a 26-year-old 
white male was admitted to this hospital for 
the first time, with a history of swelling of 
the right ankle, conjunctivitis and urethral 
discharge of 4 weeks’ duration. Shortly 
after the appearance of these symptoms he 
was admitted to a local hospital where Gram 
stains of the urethral discharge were all 
negative and he was given penicillin and 
streptomycin intramuscularly for one week. 
After that he was transferred to this hospital. 

On admission to our hospital he was 
afebrile. The conjunctivitis and urethritis 
were subsiding. All joints were normal with 
the exception of the right ankle which was 
swollen, red and warm. Serological tests 
for both syphilis and gonorrhea were nega- 
tive. Roentgenogram of the right ankle was 
normal. 

The patient was treated symptomatically. 
There was gradual subsidence of all symp- 
toms with complete clearing of the joint and 
he was discharged on June 15, 1949, without 
any apparent residua. 

Case No. 2. Mr. P. K., a 36-year-old while 
married male, was admitted to the Bronx Vet- 
erans Administration Hospital on July 19, 
1950, because of pain and swelling of the 
left wrist associated with urethral discharge 
and inflammation of the right eye, all of four 
weeks’ duration. His present illness appeared 
to have had its onset in November, 1945, just 
2 months following his discharge from the 
Army. He recalled that he developed a 
urethral discharge at that time shortly after 
sexual intercourse. He consulted a physician 
who treated him with sulfadiazine. No ex- 
amination was made of the discharge, which 
was whitish yellow in color and _ persisted 
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for the next 2 months in spite of continued 
therapy, consisting of 1.0 gm. sulfadiazine 
4 times daily. Because of the persistent 
nature of his complaint, he consulted another 
physician in January 1946, when for the first 
time, just 2 months after the onset of his 
original discharge, he became aware of some 
mild pain and stiffness in the left wrist. 
However, there was no associated swelling, 
redness, or warmth. He was given one in- 
jection of penicillin and all the symptoms 
including the discharge promptly subsided. 

He was free of symptoms and felt quite 
well for the next 16 months until June, 1947, 
when the urethral discharge reappeared and 
was accompanied by moderate swelling and 
redness of the left wrist. Within a few weeks 
he developed a bilateral conjunctivitis and 
pain in both ankles. He entered another 
hospital in New York City in July, 1947, 
where extensive studies including smears 
and cultures failed to reveal a causative 
organism. At that time he was unable to 
walk because of the marked degree of pain 
and swelling in both ankles. Treatment at 
that time consisted of penicillin and sul- 
fadiazine, and boric acid compresses to both 
eyes. After 2 weeks of such treatment there 
was moderate amelioration of symptoms and 
he was discharged to the care of his private 
physician. The urethral discharge, however, 
persisted. For the next 3 months he con- 
tinued to receive injections of penicillin 3 
times weekly. By December, 1947, the 
urethral discharge had disappeared as did 
the pain in the left wrist, but the wrist 
remained stiff and somewhat swollen. For 
the next 2 years he remained relatively free 
of symptoms save for stiffness and swelling 
of the left wrist. 

In the latter part of June, 1950, he ex- 
perienced an exacerbation of all his previous 
symptoms: urethritis, arthritis, and  con- 
junctivitis. There was no recent sexual ex- 
posure. The urethral discharge was thick 
and mucoid. There was marked swelling, 
redness and tenderness of the left wrist and 
to a much lesser extent similar involvement 
of both ankles. These symptoms were ac- 
companied by injection and discharge from 
both eyes. 

He was again seen by his local physician, 
who 2 weeks before admission to this hos- 
pital instituted treatment with penicillin, 
sulfadiazine and terramycin. His symptoms 
continued unabated while on this therapy, 
and he was admitted to this hospital. It is 
to be noted that there was no past history 
of other venereal disease of any type; nor 
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Fic. 1. (a & b)—Reveals the trophic changes of the left hand, particularly evident is the loss 
of the normal palmar creases. 
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were there any skin manifestations at any 
time. The remainder of his past history and 
system review were completely negative. 

Physical Examination showed a well devel- 
oped, somewhat chronically ill appearing 
white male in moderate’ distress, with 
T. 98.6°, R. 20, and blood pressure 110/70. 
Positive physical findings were limited to the 
following: The right eye showed marked con- 
junctival and episcleral injection with serous 
exudate and crusting of lid margins, and the 
left upper extremity showed generalized 
atrophy, most pronounced in forearm and 
hand. The wrist was held in mid-position. 
There was diffuse uniform swelling about 
the wrist and to a lesser extent about the 
dorsal surface of the hand. The fingers re- 
vealed trophic vascular changes (Fig. 1). 
The hand was mildly cyanotic when in a 
dependent position. The skin was moist and 
clammy and there was minimal erythema 
present about the wrist. The normal joint 
creases had disappeared. The fingers could 
be flexed on the palm to 45°. There was 
no motion at the wrist either actively or 
passively. There was swelling and redness 
over the lateral malleolus of both ankles, but 
motion was good in all respects. A creamy 
white discharge was readily expressed from 
the urethra. 

The patient was placed on bed rest, high 
caloric diet and salicylates, while the initial 
laboratory studies were pursued. Hemogram 
and urinalvsis at the time of admission were 
normal and remained so throughout his stay. 
Serological tests, hemagglutination test for 
rheumatoid arthritis®; and Brucella agglu- 
tination studies were all negative. Blood 
uric acid was 2.3 mg. per 100 cc. The 
erythocyte sedimentation rate (Cutler) was 
23 mm. per hour prior to the institution of 
antibiotic therapy. Numerous cultures of the 
urethral discharge, secretions following pros- 
tatic massage, urine sediment, and con- 
juntivae, using both special media for 
gonococci and blood agar. failed to show 
growth. Repeated smears of these materials 
failed to reveal any organisms. 


An aspiration of the left wrist was carried 


out and cultures of this material too failed 
to reveal Neisserian organisms or other 
pathogens. The special procedures for the 
pleuro-pneumonia organisms were not car- 
ried out. A gonococcus complement fixation 
test was performed and was _ negative. 
Roentgen-ray examination of both ankles 
was completely negative and remained so 
throughout his hospital course, while those 
of the left wrist revealed early destruction 
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of the carpal bones and several areas of 
periosteal involvement (Fig. 2). The ap- 
pearance was that of a septic arthritis. 

On August 23, 1950, after the initial 
laboratory studies and above mentioned 
cultures had been performed, the patient was 
started on dihydro-streptomycin, 1.5 gm. 
daily. Within 36 hours all evidence of in- 
flammation of the right eye subsided and 
within 72 hours the urethral discharge had 
disappeared. There was also a slight but 
definite decrease in pain in the left wrist. 
At this time a molded cast was applied to 
the distal portion of the left arm and upon 
removal 30 days later there were no longer 
any visible signs of acute inflammation about 
the wrist. It remained fixed in a mid- 
position and was only slightly tender to pres- 
sure. 

Meanwhile there was a gradual yet com- 
plete disappearance of inflammation over the 
lateral malleoli of both ankles. He continued 
on the dihydro-streptomycin for 72 days 
and no untoward effects were encountered. 
At the completion of this therapy marked 
improvement was seen in the left wrist. 
Many of the trophic skin changes had sub- 
sided. The fingers were no longer moist and 
clammy and the normal skin folds had re- 
appeared. 

Roentgen-ray studies of the left wrist 
following completion of therapy showed 
early evidence of calcification between the 
carpal bones with disappearance of the soft 
tissue swelling and haze (Fig. 3). It was 
felt at that time that the therapy had halted 
any further progression of joint destruction 
and had permitted a bony ankylosis to occur. 
The patient, although left with an almost 
ankylosed joint, has a functionally useful 
extremity. Sedimentation rate fell to 5 mm. 
per hour (Fig. 3). 

He returned a year later with pain and 
swelling of the left wrist. There was no 
recurrence of the eye or genital tract symp- 
toms. This relapse subsided spontaneously. 


Comment. The etiology of the 
symptom-complex called Reiter’s svn- 
drome still remains unknown. Whether 
the disease is related in some way to 
bacillary dysentery or to the pleuro- 
pneumonia-like organisms remains a 
matter for further investigation. Per- 
haps any of several types of infectious 
processes can produce as an aftermath 
the triad of urethritis, conjunctivitis 
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Fic. 2.—Two views of the left wrist demonstrate the diffuse demineralization of the carpal 
bones as well as of the osseous structure of the hand. There is irregularity and diminution 
of the radial-navicular joint space and haziness of the intercarpal and carpal-metacarpal joints. 


Fic. 3.—Taken approximately 90 days after admission and when there was marked clinical 
improvement, reveals loss of soft tissue swelling and early calcification in the carpal joint 
areas. 
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and arthritis; or the disease may ac- 
tually be a variant of rheumatoid 
arthritis. Actually, the histological pic- 
ture of the few biopsied synoviae are 
not unlike that of the proliferative 
changes seen in rheumatoid arthritis®. 
Nevertheless, we feel that at this time 
it warrants its place as a definite clin- 
ical entity and a more thorough 
knowledge of its more protean mani- 
festations and sequelae should be 
attained. 

Case 1 illustrates the monarticular 
variety. This patient presented the 
typical triad of symptoms but showed 
only single joint involvement. It is 
important for the physician to appre- 
ciate that this does occur lest the cor- 
rect diagnosis be overlooked. 

Case 2 illustrates again the typical 
symptoms but was_ predominantly 
monarticular involving essentially the 
wrist which progressed to destruction 
of the articulating surfaces resulting in 
a permanent disability. Although pre- 
viously reported the possibility of 
permanent damage is not sufficiently 
appreciated. 


MONARTICULAR AND DESTRUCTIVE ARTHROPATHY IN REITER'S SYNDROME 


Most of the usual therapies for 
arthritis have been tried in Reiter's 
syndrome without much success. Sal- 
icylates control joint pains but are in- 
effective in suppressing the inflamma- 
tory process. Typhoid vaccine'® and 
chrysotherapy have been suggested. In 
most cases the disease is self-limited, 
and supportive measures with proper 
physical therapeutic procedures seem 
to be the best form of treatment. 

In the past few years there have 
been reports of the use of streptomycin 
with varying effects®*°. In Case 2, 
dihydro-streptomycin was given over 
a much longer time than is usually 
suggested. It is our feeling that it was 
responsible for the prompt clearing of 
the conjunctival and genital infections 
and for the definite although gradual 
subsidence of the joint inflammation. 

Summary. Among the 7 cases of 
Reiter's syndrome seen at the Bronx 
Veterans Hospital in the last 5 years, 
2 represented variants from the usual 
description of the disease. One was 
solely monarticular and the other was 
predominantly monarticular and led to 
joint destruction. 
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THE incidence of infection with 
Endamoeba histolytica has been found 
to be surprisingly high in every cli- 
mate’. The frequency of complications 
resulting from dissemination of the 
organism must now be re-evaluated in 
light of growing awareness of numer- 
ous occurrences in untreated cases, for 
it has been reported that nearly 20% 
of these will develop some extra-in- 
testinal spread of the disease!!. From 
its site of primary infection in the 
bowel, the amebae secrete a cytolytic 
enzyme which dissolves the luminal 
epithelium. Secondary bacterial infec- 
tion occurs almost invariably. Invasion 
of nearly any organ of the body may 
occur, producing complications which 
are often so severe as to cause death of 
the host. It is the purpose of this paper 
to describe the more important findings 
in the common complications of ame- 
biasis and to emphasize the difficulty of 
diagnosis and the necessity for and 
efficacy of specific therapy. Case his- 
tories are those of patients seen at 
Oliver General Hospital in 1947 and 
the Philippine Scout and Tokyo Army 
Hospitals, during the period 1948 to 
1951. 

Hepatic Amebiasis. The incidence of 
liver involvement in amebiasis is not 
known precisely, but has been reported 
in up to 56% of clinical cases of amebic 
dysentery’*. The organisms are trans- 
ported through the portal vein from 


the large intestine to the liver where, 
by lytic action, they penetrate the walls 
of the veins and invade the paren- 
chyma. Small areas of liquefaction 
necrosis are produced. By the coal- 
escence of these lesions and through 
infarction, secondary to thrombosis of 
intrahepatic veins, abscess formation 
occurs’. The early abscess may be 
quite small and solid, but later it be- 
comes gelatinous and eventually is 
filled with characteristic chocolate-col- 
ored or anchovy paste-like material. 
Although a slowly developing abscess 
may produce a thick fibrous capsule, 
an acute lesion has no capsule and may 
rapidly extend to rupture into neigh- 
boring structures. 

Symptoms arising from amebic in- 
fection of the liver vary according to 
the stage of the disease and the 
rapidity of its spread. Hepatitis may 
be present in an acute, subacute, or 
chronic form; frank abscess has also 
been described .in both an acute and 
chronic form!. Regression or advance- 
ment from one stage to another is com- 
mon. In the early stages there is often 
an acute onset of fever, chills, and 
diarrhea; there may be severe liver 
pain which is aggravated by coughing 
or change in position and frequently 
radiates to the shoulder. Jaundice is 
rare, but may occur secondary to pres- 
sure of the abscess on the bile duct? 
or other causes!®, Leukocytosis is 
marked. Later a mass may be demon- 
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strated by palpation or by Roentgen- 
ray examination. Many of the cases 
showing a frank abscess have no as- 
sociated diarrhea, and fever can be in- 
constant. Only a continual awareness 
will bring these cases to light before 
rupture occurs. A therapeutic trial with 
amebicides is indicated in all patients 
suspected of amebic involvement of 
the liver, despite inability to demon- 
strate the organism in the stools. 
Case Reports. Case 1. A 26-year-old white 
male was admitted with a history of chills, 
fever and pain in the right upper quadrant 
of the abdomen for more than a month. He 
received penicillin, streptomycin and aureo- 
mycin in therapeutic dosages without alle- 
viation of symptoms. The leukocyte count 
was 22,000 per c.mm., with 80% neutrophils. 
Amebae could not be demonstrated in the 
stool; nevertheless, with emetine therapy his 


symptoms subsided greatly within a week 


and he was discharged symptom-free at 
the end of 6 weeks. 

Large amebic abscesses of the liver 
often produce palpable masses in the 
epigastrium. These masses may, in- 
deed, reach such proportion as to be 
visible on gross inspection, and may 
give rise to further complications, par- 
ticularly rupture externally or into sur- 


rounding tissues. 


Case 2. A 34-year-old Filipino presented 
himself in July of 1951 with an epigastric 
mass which had first been noted 6 weeks 
before. He had suffered from pain in the 
epigastrium since November, 1950. This dis- 
comfort usually occurred a half-hour after 
meals and had been relieved by food or 
amphojel until May, 1951, after which time 
these became ineffective in alleviating the 
distress. There was no history of recent 
diarrhea. The patient had lost about 17 
pounds of weight during his illness. 

Physical examination showed a toxic emaci- 
ated male with temperature of 102° F, and 
a pulse of 108 per minute. There was a 
large tender mass in the epigastrium. This 
measured approximately 5 cm. in diameter 
and was elevated about 2 cm. above the ab- 
dominal wall. The leukocytes were 11,500 
per c.mm., with 73% neutrophils. Numerous 
stool examinations were negative for amebae. 
On aspiration-biopsy material was obtained 
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which was dark in appearance. No amebic 
cysts were demonstrated, but many pus cells 
were present. The abscess ruptured spon- 
taneously and drained a thick chocolate-col- 
ored material. Amebic trophozoites were 
demonstrated on scrapings from the wall of 
the abscess. 

The patient was given 0.66 mg. of eme- 
tine hydrochloride and 300,000 units of peni- 
cillin daily for 7 days. This treatment was 
repeated after a 2-week rest period. The 
drainage stopped, the skin healed promptly. 
and there was a complete disappearance of 
symptoms. 


When amebic abscesses of the liver 
are not recognized for a long time. 
rupture often occurs, particularlv if 
the abscess is located in the upper lobe 
of the liver. Most abscesses rupture 
into the pleural cavity and lung, al- 
though they may perforate into the 
peritoneum, mediastinum, pericardium, 
stomach, colon, or other neighboring 
structure. It has been reported that 
13% rupture into the peritoneum*. The 
following case illustrates such perfora- 
tion, followed by death. 


CasE 3. A 32-year-old Asiatic male was 
hospitalized with fever, generalized malaise. 
chills, and pain in the right upper abdominal 
quadrant of approximately 5 days’ duration. 
Physical examination showed a poorly nour- 
ished, jaundiced male with temperature of 
103° F, pulse 180, blood pressure 140/90. 
The liver extended 3 finger-breadths below 
the right costal margin; it was firm and 
tender. Mild rigidity of the abdominal wall 
was present. Laboratory work showed a 
leukocytosis of 24,000. Liver function tests 
were mildly abnormal in a non-specific fash- 
ion and repeated stool examinations were 
negative for amebae. 

The patient ran a severe, septic course 
until the 5th hospital day, when suddenly 
the jaundice disappeared and he developed 
marked abdominal distention and _ rigidity 
Generalized edema of the legs and scrotum 
was noted. On paracentesis small amounts 
of dark fluid were obtained. The patient died 
on the 7th hospital day. 

At autopsy the peritoneal cavity was 
found to contain approximately 2,500 cc. of 
thick, reddish fluid containing flakes of white 
material. The liver was firmly bound down 
to the right leaf of the diaphragm and 
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weighed 2,450 gm. On section there was 
noted multiple cavities in the right lobe 
of the liver. Three of these cavities were 
large, measuring over 5 cm. in diameter. The 
walls were dotted with white necrotic ma- 
terial. One of these abscesses had ruptured 
into the peritoneal cavity. On microscopic 
examination Endamoeba histolytica were 
easily demonstrated. 


cases of amebic liver abscess'®. Symp- 
toms may mimic those of pulmonary 
tuberculosis. The patient often com- 
plains of pleuritic chest pain with some 
chills and sweats at night. Increasing 
amounts of dark sputum are produced 
by a progressive cough. Examination 


Fic. 1.—Case 1. Elevation of right leaf of diaphragm noted on chest roentgenogram in June, 
1951. Hepatic abscess probably present but not diagnosed at this time. 


Pulmonary Amebiasis. Amebic ab- 
scess of the lung may be due to the 
organism reaching the chest primarily 
through the blood stream or second- 
arily through rupture of a liver abscess 
into the pleural space. The incidence 
of this complication varies consider- 
ably as reported by different observers, 
but apparently ranges from 5 to 10% of 


of this sputum will only occasionally 
demonstrate the amebae. Weight loss 
and wasting occurs. When the pul- 
monary lesion is a complication of a 
ruptured liver abscess the findings of 
the latter involvement will also be 
present. 


Case 4. A 44-year-old Negro was admitted 
in August, 1951, complaining of chills, fever, 
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and severe right lower chest pain which had 
been present since February. He had had an 
episode of diarrhea with bloody stools in 
October, 1950. In June, 1951, he received 
chloroquin therapy for 5 days for malaria 
with mild, temporary remission of his symp- 
toms. Elevation of the right leaf of the dia- 
phragm was noted on chest roentgenogram 
at that time (Fig. 1) but no further investi- 
gation or therapy was instituted. His symp- 
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culture was negative and repeated stvol 
examinations failed to reveal amebae. Cul- 
tures of the sputum grew out a variety of 
organisms, including Aerobacter aerogenes. 


There were leukocytosis and increased’ sedi- 
mentation rate, and chest films showed fluid 
in the right thoracic cavity extending to the 
second interspace, anteriorly (Fig. 2). Eleva- 
tion of the right diaphragm . anteriorly was 
noted. 


Fic. 2.-Case 1. Rupture of amebic abscess of liver into pleural cavity, Aug., 


toms had grown progressively more sevefe 
up to the time of admission. 

The patient was critically ill. He was ex- 
ceedingly dyspneic and assumed an extreme 
Fowler’s position for easier breathing. There 
were dullness and diminished breath sounds 
in the right lower posterior chest. The heart 
was enlarged to the left, the rate was rapid. 
Extreme tenderness to pressure was elicited 
in the right upper quadrant of the abdomen. 
Bilateral ankle edema was present. A blood 


1951. 


Due to the acute illness of the patient, 
emetine was started immediately in a dose 
of 0.66 mg. daily for a period of 7 days. On 
admission his sputum had been quite pro- 
fuse, measuring over 16 ounces daily. It 
was dark in color. Within a few days this 
changed to a lemon color and in a few more 
days the sputum showed over 1 mg. of bile 
per 100 cc., suggesting a _bronchobiliary- 
pleural fistula. Liver function tests were not 
remarkable except for an elevated alkaline 
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phosphatase. Over 500 cc. of brownish-red 
fluid was removed from the right chest cavity. 
No amebae were found in this fluid, but a 
small amount of bile was demonstrated. After 
3 days of therapy with emetine and penicillin, 
the fever dropped and the sputum diminished 
to 3 to 5 ounces daily. However, Roentgen 
rays showed loculated fluid in the right 
pleural cavity. After 2 weeks the course of 
emetine was repeated, but the empyema re- 
mained extensively loculated and could not 
be drained by repeated taps. The patient was, 
therefore, subjected to decortication of the 
affected area, following which he improved 
markedly and soon became ambulatory. 


Brain Abscess. Amebic abscesses in- 
volving the brain are rare; about 88 
cases have been reported, of which 27 
have been confirmed histologically or 
bacteriologically’®. Necrosis of brain 
tissue occurs, with formation of puru- 
lent exudate. If death occurs in the 
acute state, no surrounding inflamma- 
tory reaction is seen; otherwise, poly- 
morphonuclear leukocyte infiltration 
occurs, followed by encystment of the 
debris filled cavity. Most cases have 
had an associated abscess of the lung 
or liver!® and in some cases the metas- 
tasis to the brain occurs following 
operative procedures on liver ab- 
scesses!®, Medical treatment with eme- 
tine hydrochloride and bacterial anti- 
biotics in repeated courses, if neces- 
sary, is the procedure of choice for 
amebic abscess of the liver; aspira- 
tion is occasionally necessary. Other 
surgical procedures are fraught with 
danger. One of us (E.C.) was associated 
with the following case of amebic 
brain abscess which has been reported 
more extensively elsewhere by Orbi- 
son et al.'°, 


Case 5. A 35-year-old white male was ad- 
mitted in November, 1947, with a_ history 
of chills, fever, pain in the upper abdomen 
and jaundice of one month’s duration. Marked 
weight loss had occurred. 

Physical examination revealed a critically 
ill male. The sclerae were icteric. There were 
tenderness and marked muscle rigidity in the 
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right upper quadrant, and the liver was pal- 
pable 3 finger-breadths below the costal 
margin. Laboratory studies showed a high 
icteric index and moderately severe liver dys- 
function. Stools were repeatedly negative for 
Endamoeba histolytica. The patient ran a 
septic course with fever up to 104°. He was 
given one course of emetine, totalling 7 grains, 
with no appreciable response. After a week 
a mass was felt in the epigastrium just to 
the right of the midline. Because of the un- 
usual occurrence of jaundice and the appar- 
ent lack of response to emetine medication, 
the tentative diagnosis of amebiasis was not 
maintained. An exploratory laparotomy was 
performed, the mass was considered to be 
an obstructed gallbladder, and it was drained. 
Material of a thick yellow-green nature was 
obtained. Temporary improvement occurred, 
but one week later the patient developed 
severe frontal headache and signs of in- 
creased intracranial pressure. Coma ensued 
and death occurred in 7 days. 

At autopsy the abdominal cavity was found 
filled with chocolate-colored fluid. The large, 
draining abscess of the liver was noted, as 
well as several other smaller abscesses studded 
onto this organ. The examination of the brain 
revealed a large abscess, measuring 3 by 5 
cm., in the right lobe of the cerebellum. 
Endamoeba histolytica was cultured from this 
abscess as well as from those in the liver. 


Gastrointestinal Complications. Al- 
though perforation of an amebic ulcer- 
ation of the intestine has been reported, 
in one series, to have occurred in only 
3 of 200 clinical cases, it was found in 
19 of 100 fatal cases'®. It is apparent 
that such a complication makes the 
prognosis more grave. The following 
regions are reportedly most often af- 
fected, in order of frequency: cecum, 
ascending colon, rectum, sigmoid, and 
appendix*. It has been stated that pre- 
ceding surgery appears to be a con- 
tributing factor in some _ instances, 
while in others perforation follows the 
giving of enemas. The signs and symp- 
toms are the same as perforation by 
any other cause, while treatment 
should add active therapy with eme- 
tine and antibiotics to the usual sur- 
gical procedures. 
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Case 6. A 42-year-old white male was 
admitted in July, 1951, with a history of pro- 
gressive diarrhea and abdominal cramps of 5 
months’ duration. In May he had developed 
chills, fever, and upper abdominal pain. He 
was treated with antibiotics at another hos- 
pital without any marked remission. Later a 
mass had been noted in the left upper quad- 
rant, near the splenic flexure. A barium enema 
had been given and a partial obstruction at 
the junction of the descending and sigmoid 
colon noted. The patient had received a course 
of treatment which included emetine, Dio- 
doquin, and blood transfusions, with only 
mild amelioration of symptoms. 

When examined he appeared pale and 
chronically ill. There was evidence of marked 
weight loss. A mass, approximately 8 cm. in 
diameter, was felt in the left mid-abdomen. 
Roentgen ray showed a well localized per- 
foration containing a small amount of barium. 
Stools were found to be massively infected 
with Endamoeba histolytica. Following 2 
courses of emetine, each 0.66 gm. daily for 
7 days, the patient showed continued weight 
loss, mild fever, and recurrent diarrhea. A 
laparotomy was performed. The serosal and 
peritoneal surfaces of the large and small 
intestine and of the mesentery and omentum 
were found to be studded with innumerable 
granulomatous lesions, ranging in size from 
1 mm. to 1 cm. Although there were dense 
adhesions throughout, a colostomy was _per- 
formed. The patient improved considerably 
following this procedure and was returned to 
the United States for further therapy. Micro- 
scopically the granulomatous lesions showed 
inflammatory reaction. 


Excessive fibrosis in cases of chron- 
ically exacerbating amebiasis may 
cause cicatrical stenosis of the bowel, 
simulating carcinoma clinically. This 
may occur as a localized narrowing or 
may involve a great length of the in- 
testine, and give symptoms of total 
or partial obstruction*®. When possible, 
preoperative treatment with amebicides 
is advisable. 


Case 7. A 22-year-old male presented him- 
self with a history of acute onset of abdominal 
pain, nausea and vomiting. He had had mild 
diarrhea 6 weeks previously; otherwise, he 
had been asymptomatic. Findings were those 
of an obstruction. On Roentgen ray examina- 
tion a lesion was demonstrated in the trans- 
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verse colon which did not permit the pas- 
sage of barium. Because of his acutely ill 
condition he was taken to surgery immed- 
iately. A sclerotic lesion was found in the 
transverse colon; a biopsy was taken and an 
emergency colostomy performed. Following 
surgery, E. histolytica was recovered from 
the lower bowel. The biopsy showed chronic 
granulomatous tissue. The patient was given 
2 courses of emetine, each 0.66 gm. daily 
for 7 days, and the stenotic lesion disap- 
peared within a month. He was _ returned 


to the United States for closure of the 
colostomy. 
Granulomatous lesions from ame- 


biasis sometime invade the skin, pro- 
ducing extensive destruction and tissue 
slough. This complication may occur 
following drainage of an abscess or 
may be secondary to a focal fistula or 
a colostomy’. It may also result from 
extension of a lesion in the distal rec- 
tum onto the perianal skin. There 
have, in addition, been rare reports of 
primary cutaneous lesions of amebiasis. 
Whatever the cause, rapidly spreading 
ulceration and necrosis occur. The area 
has a dirty, grayish, fetid appearance, 
with swollen indurated edges’. Marked 
pain and tenderness are present Over 
the infected region. The organisms can 
often be demonstrated to be present 
in the necrotic tissue. The prognosis 
is grave. 

Case 8. A 55-year-old male was admitted 
with a history of chronic diarrhea with in- 
termixed blood and mucus for 6 months. He 
complained of recurrent abdominal cramps 
and anorexia. During his illness he had lost 
about 30 pounds of weight. 

Sigmoidoscopy was performed. About 10 
cm. from the anal orifice an annular con- 
stricting mass, which would admit only the 
tip of the index finger, was noted. A biopsy 
was taken which revealed chronic inflamma- 
tory reaction. Stool examinations were nega- 
tive for amebae and a sigmoid colostomy was 
performed. Fourteen days post-operatively 
the abdominal wall around the opening ap- 
peared infected and began to slough. This 
continued until an area approximately 12 
inches in diameter showed involvement (Fig. 
8). Excision of the ulcerated area was fol- 
lowed by skin grafts, but these did not take. 
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When the patient was seen in this condi- 
tion he was started on a course of emetine, 
0.66 gm. daily for 8 days, followed by Diodo- 
quin. The wound rapidly became clean and 
healing began. A month later another skin 
graft was given and an excellent take oc- 
curred. The patient improved rapidly, and 
within 6 months the mass in the rectum had 
disappeared entirely. 
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toms and frequently a combined at- 
tack against both the primary and 
secondary invader is necessary before 
cure can be effected. Symptoms of 
chronic amebic colitis may closely 
mimic those of chronic ulcerative 
colitis’. 


Fic, 3.—Casr 8. Granulomatous invasion of skin by E. histolytica following sigmoid colostomy. 


Following his initial attack of amebic 
dysentery, an untreated patient often 
experiences a remission of symptoms 
for a few days after which he may 
again suffer an attack of acute diarrhea. 
The tendency of this pattern to repeat 
itself again and again makes any his- 
tory of recurrent dysentery suspect of 
amebiasis. Invading bacteria eventu- 
ally play a prominent part in the symp- 


Case 9. A 19-year-old Negro suffered from 
lower abdominal cramps and recurrent diar- 
rhea for 7 months. The stools were watery, 
occasionally contained a little blood. He had 
lost about 60 pounds during his illness. When 
examined he was pale and emaciated. The 
lower abdomen was tender to palpation. He 
was markedly anemic, his hemogram showing 
5 gm. hemoglobin per 100 cc., and 2,900,000 
red blood cells per c.mm. On sigmoidoscopy, 
the wall of the colon was seen to be quite 
friable. Numerous small shallow ulcerations 
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were intermingled with white areas of granu- 
lation. Direct examination of material ob- 
tained by swab revealed many active motile 
trophozoites of E. histolytica. The patient was 
given emetine, 0.66 gm., and penicillin, 300,- 
000 units, daily for 7 days. In addition he 
received several transfusions of whole blood. 
The diarrhea stopped abruptly within the 
first few days and the abdominal discomfort 
was gone on the 5th day. Treatment was 
completed with a course of Diodoquin. 

At the end of this time the patient was 
asymptomatic, had gained 22 pounds and 
had a normal hemogram. 


Amebiasis extending from the cecum 
to involve the appendix may frequently 
produce symptoms closely simulating 
those of acute appendicitis!’. Surgical 
intervention may lead to disastrous re- 
sults. In the Chicago epidemic of 1933, 
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13 of 32 cases that received an ap- 
pendectomy died®. Many patients hav- 
ing symptoms suggestive of so-called 
“chronic appendicitis” have been found 
to be suffering from amebic infection”. 
Summary. The diagnosis of intestinal 
amebiasis and its complications may 
at times be most difficult. Because pa- 
tients infected with E. histolytica often 
undergo dramatic cures with proper 
therapy, a high index of suspicion 
should be maintained whenever sug- 
gestive symptoms occur. Therapeutic 
trial is often indicated in absence of a 
proven diagnosis. There are presented 
cases illustrative of hepatic amebiasis, 
pulmonary amebiasis, brain abscess, 
and gastrointestinal complications. 
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INFECTIOUS MONONUCLEOSIS, ENCEPHALITIS, EPILEPSY’* 


By A. BEerceL, M.D. 
BEVERLY HILLS, CALIFORNIA 


(From the Department of Physiology, University of Southern California, Los Angeles, 
California) 


ALTHOUGH seizures occurring at the 
height of the meningo-encephalitides 
associated with infectious mononucleo- 
sis have been described, there is no 
reference to chronic convulsive states 
complicating the usually benign cen- 
tral nervous system involvement of this 
disease. Hence the presentation of 2 
cases where infectious mononucleosis 
was the source of epilepsy might be of 
some interest. 

The present report is based on the 
study of 31 cases of infectious mono- 
nucleosis referred for a neurological 
work-up on account of suspected cen- 
tral nervous system complications. The 
sampling of these cases, however, was 
a rather loose one since the majority 
had only such common complaints as 
headache, dizziness and somnolence, 
which are the general symptoms of any 
toxi-infectious state. Nevertheless, even 
in some such cases, the electroence- 
phalogram (EEG) showed widespread, 
surprisingly severe abnormalities thus 
demonstrating that this laboratory aid 
is often a more faithful mirror of cen- 
tral nervous system involvement than 
the clinical picture or other laboratory 
findings!. Abnormal EEG’s were found 
in 5 of the 31 cases, which would indi- 
cate a central nervous system compli- 
cation incidence of roughly 20%. This 
is far more than the commonly cited 
figure of 1%, but because of the selec- 
tion undergone by this series and of 
the failure to utilize EEG in many of 
the other series reported in the litera- 
ture, the actual incidence of complica- 


tion is presumed to fall between these 
2 figures. 

Since Johansen’s first description of 
a central nervous system complication 
in infectious mononucleosis?, an in- 
creasing number of such cases has been 
reported in the medical literature?:*-+.® 
8.13. Bernstein and Wolff, in their ex- 
tensive review, found 28 references (46 
cases) published between 1931 and 
1947. Depending on the part of the 
nervous system upon which the maxi- 
mum weight of involvement is placed, 
such complications were described as 
meningitis, encephalitis or peripheral 
neuropathy. Not only is the clinical de- 
scription noteworthy for its protean 
variety*, but the spinal fluid findings 
also lack in consistency. This, added to 
the characteristic elusiveness of the 
clinical and laboratory data of the 
mother condition, infectious mononu- 
cleosis, constitutes a diagnostic chal- 
lenge. Thus, central nervous system 
complications may be more in the fore- 
ground than (and even antedate) the 
underlying systemic infection and the 
laboratory proof for either might be so 
dispersed in a temporal sense that all 
tests have to be repeatedly performed. 
This very elusiveness must have led 
Bernstein to state so aptly that “some 
of the ‘idiopathic’ acute disorders of 
the nervous system may be associated 
with infectious mononucleosis.” 

Knowledge of all the case histories 
so far on record will give no help in 
predicting the course of an individual 
case; therefore, the hopeful prognosis 


®* This work was aided by the Margaret Mayer Research Fund. 
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has to rest on purely statistical grounds 
according to which 85% of the cases 
will recover completely. 

Infectious mononucleosis is believed 
to be a virus disease. Filtered emulsi- 
fied lymph nodes in the hands of Van 
den Bergh and Liessens (1939) trans- 
mitted the disease to rhesus monkeys; 
however, these experiments have not 
been confirmed by others. The port of 
entry is said to be the respiratory or di- 
gestive tract, or even the abraded skin. 
A large range of symptoms may be 
present, whether the case be of febrile 
type or a “forme fruste.” In the Scot- 
land epidemic, about half of the cases 
were asymptomatic. Blood counts, if 
unrepeated, may miss the lymphocyto- 
sis and there is nothing specific about 
the presence of atypical lymphocytes. 
There is no correlation between the 
severity of the blood picture and that 
of the clinical tableau. The heterophil 
agglutination test, especially when the 
titer is rising, is of positive confirma- 
tory value in the overwhelming ma- 
jority of the cases. It may stay positive 
for several months after the last clini- 
cal manifestations have died down, and 
the blood picture has returned to nor- 
mal. Some fatalities due to rupture of 
the spleen, and 2 cases complicated by 
a Guillain-Barré syndrome are on 
record, and the autopsy findings indi- 
cate widespread lymphocytic infiltra- 
tion of all the organs, including the 
brain, where ganglion cell destruction 
in various stages has been described. 
In those cases where spinal fluid was 
abnormal, increased pressure and cell 
count (mostly lymphocytes), increased 
protein with normal sugar and chloride 
values, as well as pathological gold 
curve were found. However, the spinal 
fluid might be abnormal in the absence 
of clinical signs of central nervous sys- 
tem complication, which, when pres- 
ent, need not be associated with ab- 
normal spinal fluid findings, at least on 
the basis of a single tap. 


The description of the central nerv- 
ous system symptomatology reads very 
much like a primer in clinical neurol- 
ogy. In our experience, headache (most- 
ly excruciating, unrelenting), nausea, 
vomiting, dizziness occurred at first and 
in most cases. Also described by vari- 
ous authors were: somnolence (or vari- 
ous degrees of disturbed consciousness ), 
nuchal rigidity, photophobia, blurred 
vision, nystagmus, isolated transient 
cranial nerve palsies (especially of the 
Srd, 6th and 7th), optic neuritis (per- 
sisting in one case for several months), 
hemiparesis, grand mal seizures and, 
in one case, a toxic type of psychosis’. 
The 2 cases of Guillain-Barré syndrome 
were already mentioned. 

Of the 5 cases of our series, the diag- 
nosis of acute lymphocytic chorio- 
meningitis would have been justified in 
2; in the other 3, the picture was that 
of a benign meningo-encephalitis fol- 
lowing what seemed like a common 
grippe. 


Case Reports. Case 1. R. M., 21-year old 
male, fell ill during his vacation at Laguna 
Beach, with what was diagnosed as the 
mumps. In a few days, it became clear that 
individual lymph node chains (and not the 
parotid gland) were swollen. As he was re- 
covering, but still slightly febrile, he was 
driven back to Los Angeles. Arriving home, 
he was suddenly unable to speak and acted 
confused for almost an hour. He also had 
hyperactive deep reflexes, positive Hoffman 
and an equivocal Babinski, all on the left 
side. He was left-handed. He showed sleepi- 
ness, and sensitivity to light and noise. 

The spinal fluid examination on the 6th 
day after onset of illness revealed an initial 
pressure 290 mm., but was otherwise nega- 
tive. Heterophil agglutination tests were posi- 
tive in dilutions of 1:64 on the 8th day, 1:250 
on the 10th day, and 1:572 on the 30th day. 
On the 7th day an EEG showed diffuse slow 
wave activity in the 3 to 6 c/s range at up 
to 100 uv, especially in the anterior halves 
and more so on the right. Another EEG on 
the 98th day revealed bursts of single and 
multiple spike and slow wave complexes, 
occurring isolatedly or in short serials from 
a background of normal alpha in the high 
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motor, low motor and parietal leads on the 
right side (Fig. 1). 

Course: He was symptom-free one week 
after onset. Three months post-onset, how- 
ever, he had a series of attacks of paroxys- 
mal aphasia or inhibition of vocalization, last- 
ing 5 to 10 minutes. After anticonvulsant 
medication (Dilantin Sodium, 4.5 gr. daily), 
his attacks ceased and the third EEG became 
entirely normal. However, the rapid injec- 
tion of 1 cc. of 1% metrazol, reproduced both 
the EEG abnormality and the clinical attack. 

Case 2. C. F., a 17-year old girl, developed 
a “common cold” lasting 5 days, in the midst 
of which her posterior cervical lymph glands 
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Course: She began to improve gradually 
and was symptom-free in another 2 weeks. 
An EEG taken 22 days post-onset indicated 
a marked normalization of the background 
pattern, with the exception of the right cen- 
tral area where occasional open random spikes 
were observed (Fig. 2). As a safety measure 
she was told to take Dilantin Sodium, 4.5 gr. 
daily. A third EEG taken 98 days after onset 
of illness was the exact replica of the previ- 
ous one. As she left for college, she was 
quite resistant to continue her prophylactic 
medication. Eight months after onset she 
stopped it, and in another 2 weeks she de- 
veloped Jacksonian seizures involving the left 
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1.—Case 1. R. M.: Electroencephalogram taken on 98th day after onset of infectious 


mononucleosis. 


were enlarged. Nine days later, she was over- 
come by diurnal sleep, lasting one hour, fol- 
lowing which she felt exhausted and com- 
plained of stiff neck, headache and photo- 
phobia. Her temperature rose to 102.4° F. 
The next day her skin felt painful to touch 
in certain spots. She had positive Kernig 
and Brudzinski signs, hyperactive but equal 
reflexes and a left internal strabismus. 

Significant laboratory results included a 
finding of 79% lymphocytes on the 10th day, 
and a positive heterophil agglutination titer 
of 1:900 on the 11th day. An EEG on the 
9th day showed generalized high voltage slow 
wave activity in the 1 to 4 c/s range with 
persistent phase reversals in the right central 
area. 


face and arm. She then came back to Los 
Angeles where she had a series of generalized 
attacks with a Jacksonian onset. Her last EEG 
(8% months after onset) was the same as the 
previous one: random negative spike activity 
in the right central area. She was placed on 
Dilantin (gr. 74) and remained seizure-free 
for one year. 

Case 8. E. F., a 19-year old female, de- 
veloped a sore throat, enlarged posterior cer- 
vical and suboccipital lymph glands which 
disappeared in 3 days. In another 3 days she 
developed a steady headache, nausea, dizzi- 
ness, general malaise, and she vomited on 
2 occasions. In another week, her headache 
became suddenly excruciating. She was ad- 
mitted to the hospital and that same evening 
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her temperature reached 103.4° F. She com- 
plained of blurred vision, pain in the back 
of her neck, photophobia, pain in the mid- 
abdomen under the costal angle. Examination 
showed somnolence, apathy, slow speech, re- 
tarded thinking, but an otherwise good sen- 
sorium. Her eyes were sunken into the orbits 
and the lids were heavily pigmented. The 
lymph glands of the neck still showed slight 
enlargement and the throat was mildly in- 
fected. The spleen was palpable upon deep 
inspiration. There was a suggestion of sym- 
metrical partial ptosis. Her deep reflexes were 
increased but equal. The system survey was 
otherwise negative. 

Examination of the blood on the 7th day 
revealed 77% lymphocytes many of which 
exhibited “toxic”, foamy cytoplasm. The 
spinal fluid was normal. A heterophil agglu- 
tination test was positive in a titer of 1:2000. 
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became suddenly sleepy in the middle of a 
card game, and had difficulty in keeping her 
eyes open while driving home. She slept off 
and on for 72 hours and complained of ex- 
cruciating headaches, stiffmess of the neck, 
sensitivity to light and noise. Coughing and 
sneezing not only increased her headache, 
but also produced pain in the cervical spine, 
radiating down to the fingertips. She showed 
positive Kernig and Brudzinski signs. 
Examination of the blood on the 10th day 
of illness showed 82% lymphocytes. The spinal 
fluid pressure was 220 mm. and there were 
420 lymphocytes per c. mm. Heterophil ag- 
glutination tests gave titers of 1:64 on the 
llth day, and 1:128 on the 14th day, re- 
spectively. An EEG revealed diffuse, marked 
delta activity (1 to 3 c/s) of moderate amp- 
litude (60 uv) with phase reversals over the 
right temporal area. 
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Electroencephalogram taken 22 


days after onset of infectious 


mononucleosis. 


An EEG showed marked generalized slow 
wave activity (2 to 8 c/s) of high voltage 
(150uv) concentrated in multiple foci. 

Course: Five days after admission she 
was afebrile, her headache lessened some- 
what, and the second EEG disclosed the 
presence of still marked slow wave activity 
with a shift of the maximum area of elec- 
trical abnormality from the right occipital 
area to the left motor area, but it also showed 
an increase of the normal alpha _ between 
the delta waves. On that day her lymphocyte 
count was 57.5%. Nine days after admission, 
she was completely comfortable, free of fever 
and symptoms. Her third EEG showed a 
complete disappearance of abnormal activity, 
but her lymphocyte count went up once 
again to 80.5%. The next day she was dis- 
charged and subsequent EEG’s taken for one 
year were consistently normal. 

Case 4. J.F., a 33-year old white female, 
developed a mild grippe. One week later, she 


Course: Fifteen days later she was symp- 
tom-free and the second EEG was completely 
normal. At that time, her lymphocyte count 
was 31% and the spinal fluid showed only 


8 cells. Subsequent EEG’s gave normal 
records. 


CasE 5. R.T., a 21-year old male, devel- 
oped what seemed to be a common cold, with 
running nose, temperature of 102° F. He re- 
covered in 4 days, and went back to work. 
Ten days after onset, he suddenly developed 
sleepiness, temperature went up to 104°, and 
his neck became stiff. Examination showed 
bilateral ptosis, apathy, somnolence, impaired 
sensorium, tenderness upon percussion of 
the spinous processes and pain when at- 
tempting to extend his arms and legs. 

A blood examination on the 14th day 
showed 49% lymphocytes, whose cytoplasm 
was foamy in appearance. On the 15th day 
the spinal fluid pressure was 250 mm.; and 
the cell count was 220 per c.mm. of which 
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95% were lymphocytes. The total protein was 
62 mg. per 100 cc. The heterophil agglutin- 
ation titer was 1:250 on the 15th day of 
disease. On the same day, an EEG showed 
diffuse slow wave activity (83 to 4 c/s) in- 
volving the cortex in its entirety. ; 

Course: In 5 days his symptoms gradually 
disappeared, but his lymphocyte count went 
up to 88%. The EEG on this occasion showed 
diffuse slow wave abnormality in the inter- 
mediate slow range, but also, in between, 
long strands of normal alpha activity. In an- 
other week, while completely symptom-free 
and with normal blood and spinal fluid find- 
ings, he was able to go back to work. At 
that time, his EEG was normal, and it per- 
sisted to be normal during a follow-up pe- 
riod of seven months, at which time hetero- 
phil agglutination titer was still 1:112. 


Discussion. Had we depended on 
such general symptoms as headache, 
drowsiness, photophobia, vomiting, 
which was the outstanding picture in 
one case whose spinal fluid was nor- 
mal (E.F.), no diagnosis of central 
nervous system complication could have 
been established. A similar set of com- 
plaints commonly occurs in the prodro- 
mal stage or at the acme of any infec- 
tion. The EEG of this patient, however, 
was very abnormal and it cleared up 
gradually with clinical improvement. 
The EEG in the second case (C.F.) did 
show slow wave concentration in the 
right motor area, but, as in other cases, 
no symptoms referable to the cortical 
area of maximal EEG disturbance 
could be detected. Had one been con- 
tented with one (the first) EEG, the 
development of pre-epileptic seizure 
activity as an ominous residual would 
have been missed. 

Walker reviewed 100 cases of con- 
vulsions supervening in adulthood and 
in spite of his extensive search for an 
organic cause, he had to place 51 cases 
in the idiopathic category. Convul- 
sions and other neurological syndromes 
are often idiopathic and are con- 
veniently blamed on old, “overlooked” 
encephalitides. The highly conjectural 
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method of retrospective reconstruction 
of the history used in speculating on 
such a possibility can now be moni- 
tored by EEG done in series, that could 
not only relate EEG abnormalities to 
subsequent clinical events, but, more 
important, it could help to stave off a 
convulsive state by prophylactic medi- 
cation. 

Gibbs and Gibbs® have reviewed the 
largest series of EEG findings in en- 
cephalitis. Of their 240 cases, 112 were 
called “of undetermined origin.” Fifty- 
eight percent of Gibbs’ cases who 
had clinical evidence of epilepsy 
showed definite seizure discharges 
which were focal in nature. Hardly 
any normal record was found in 
the acute or subacute phases of the 
disease process. According to Gibbs, 
the EEG is a reliable prognostic tool 
for predicting the occurrence of epi- 
lepsy if abnormality in the chronic 
phase persists, and he advocated anti- 
convulsive treatment during the pre- 
epileptic phase preventively. This point 
is well illustrated by the second case 
(C.F.). 

The most common EEG finding was 
the generalized high voltage slow wave 
abnormality concentrated in multiple 
foci. We were struck by the ease with 
which these foci shifted from day to 
day, and by the absence of neurological 
phenomena that one would have ex- 
pected to come from the areas of maxi- 
mal focal involvement. In the acute 
stage of encephalitis, only one out of 
the 5 showed correspondence of clini- 
cal finding and maximal slow wave 
concentration (R.M.). In the chronic 
stage, slow wave activity was replaced 
by seizure discharges. 

Usher and Jasper't have noted in 
post-rheumatic chorea the frequency of 
cortical EEG abnormality in the ab- 
sence of symptoms or signs referable 
to the cortex. One cannot rule out, 
therefore, central nervous system com- 
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plication on the basis of absent corti- 
cally originated symptoms or signs. The 
abnormal EEG in one out of 6 cases of 
infectious mononucleosis would war- 
rant a systematic study of this problem. 
It would also seem quite reasonable 
that investigation aiming at the etiology 
of epilepsy should include the serial 
EEG in even the most benign involve- 
ments of the brain, furnishing thus a 
link between damage to the brain on 
one hand and epilepsy on the other. 
Summary and Conclusions. 1. In- 
fectious mononucleosis, often an elu- 
sive condition, is not uncommonly com- 
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plicated by an equally elusive involve- 
ment of the central nervous system. 

2. Serial electroencephalograms 
showed evidence of encephalopathy in 
5 out of 31 consecutive cases suspected 
of developing central nervous system 
complications. 

3. Two of these 5 first showed EEG 
and subsequently clinical evidence of 
post-encephalitic epilepsy. 

4. The diagnostic implications and 
recommendations for EEG monitoring 
of these essentially benign encephalo- 
pathies were discussed. 
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THE EFFECT OF SUBOPTIMAL CONCENTRATIONS OF SODIUM 
CITRATE UPON THE CLOTTING TIMES OF HUMAN AND DOG 
BLOOD AFTER INTRAVENOUS ADMINISTRATION OF HEPARIN 


By SAMUEL Losner, M.D. 


AND 


Bruno W. M.D. 
WITH THE TECHNICAL ASSISTANCE OF HAROLD A. SIEGEL, B.S. 


(From the Division of Laboratories, Jewish Sanitarium and Hospital for Chronic Diseases, 
Brooklyn, N. Y.) 


IN a previous study we have demon- 
strated that the clotting time of whole 
blood added to a suboptimal concen- 
tration of anticoagulant solution, such 
as sodium oxalate or particularly 
sodium citrate varied synchronously 
with the respective prothrombin level®. 

These results prompted us to investi- 
gate the effect of a variable single dose 
of heparin upon the clotting time of 
venous blood added to a suboptimal 
concentration of sodium citrate. It was 
thus hoped to find a better criterion 
of the anticoagulant effect of heparin, 
and especially of small doses, since 
the commonly employed Lee-White 
clotting time does not necessarily re- 
flect the action of a small amount of 
heparin. Moreover, it was attempted 
to correlate the effects of dicoumarin 
and heparin with a single procedure 
applicable to both anticoagulants. 


Materials and Methods. A solution of 0.01 
M. sodium citrate was prepared and distrib- 
uted in seven tubes, each measuring 75 by 
8 mm. in the following quantities: 0.2 cc., 
0.3 cc., 0.42 cc., 0.44, cc., 0.46 cc., 0.48 cc. 
and 0.5 cc. Venous blood from 85 normal 
individuals was distributed in quantities of 
1 cc. into each of the 7 tubes containing the 
citrate solution. The tubes were then gently 
inverted to permit immediate contact with 
the anticoagulant solution and the clotting 
times were observed and charted. A Lee- 
White clotting time was determined simultane- 
ously. Fifteen of these 35 normal individuals 
were given a dose of 25 mg. of heparin in- 


travenously after withdrawal of the first 
blood specimen. One hour later venous blood 
was again withdrawn and distributed in a 
similar manner in 7 tubes containing the 
above described quantities of a suboptimal 
concentration of sodium citrate and the re- 
spective clotting times were then determined. 

In addition, identical experiments were 
carried out in 12 normal individuals who 
were given 50 mg. of heparin intravenously 
and in 8 normal individuals who received 
75 mg. of heparin intravenously following 
withdrawal of the first specimen of venous 
blood. One hour later a second specimen 
of venous blood was withdrawn and distrib- 
uted in 7 tubes containing the above de- 
scribed quantities of 0.01 M. solution of 
sodium citrate. The respective clotting times, 
as well as the Lee-White clotting times, were 
then determined and charted. 

In 42 experiments on normal dogs a speci- 
men of venous blood was withdrawn and dis- 
tributed in quantities of 1 cc. each into 5 
tubes containing the following amounts of 
0.01 M. solution of sodium citrate: 0.3 cc., 
0.4 cc., 0.5 cc., 0.6 cc., and 0.7 cc. The 
clotting time of each specimen was observed 
and charted and the Lee-White clotting time 
was determined simultaneously. 

Twenty-one of these 42 dogs received an 
intravenous injection of 15 mg. of heparin 
per 20 Ibs. of body weight immediately after 
withdrawal of the initial blood specimen. The 
remaining 21 dogs received an intravenous 
injection of 20 mg. of heparin per 20 Ibs. 
of body weight. One hour after the adminis- 
tration of heparin, venous blood was again 
withdrawn and distributed as described above 
in 5 tubes containing 0.3 cc., 0.4 cc., 0.5 cc., 
0.6 cc., and 0.7 cc. of 0.01 M. solution of 
sodium citrate respectively. The tubes were 
gently inverted and the clotting times ob- 
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served and recorded. The Lee-White clotting 
time was determined simultaneously. 
Results. A. HUMAN EXxPERIMENTs. In 
the initial specimen of normal human 
blood the mean clotting time of 35 
specimens increased from 7.4’ in tube 
1 to 11.0 in tube 2, 18.9’ in tube 3, 
25.7’ in tube 4, 30.0’ in tube 5, 38.3’ in 
tube 6, and 44.4’ in tube 7. The mean 
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One hour after intravenous adminis- 
tration of 50 mg. of heparin the mean 
clotting time of 12 specimens was pro- 
longed to 24.6’ in tube 1, 38.1’ in tube 
2, 47.9’ in tube 3, 58.0’ in tube 4, 89.0’ 
in tube 5, 128’ in tube 6, and 184.0’ in 
tube 7. The mean Lee-White clotting 
time was 16.9’. 


Heparin 


CLOTTING TIME 


Minutes 


Lee- 0,2cc. 


0.0! 


03 ce. 


Molar Solution of Sodium Citrate 


0.4cc O5cc 


Fic. 1.—Clotting times of human blood added to suboptimal amounts of sodium citrate before 
and after intravenous injection of varying amounts of heparin. (Comparison with Lee-White 
clotting time.) 


Lee-White 
(Fig. 1). 
One hour after intravenous adminis- 
tration of 25 mg. of heparin the corres- 
ponding mean clotting times of 15 
specimens increased to 15.4’ in tube 1, 
20.8’ in tube 2, 37.5’ in tube 3, 52.7’ in 
tube 4, 62.7’ in tube 5, 86.5’ in tube 6, 
and 120.5’ in tube 7. The mean Lee- 
White clotting time increased to 13.0’. 


clotting time was 6.2’. 


The intravenous injection of 75 mg. 
of heparin in 8 normal individuals re- 
sulted in a mean clotting time of 34.0’ 
in tube 1, 63.0’ in tube 2, 80.0’ in tube 
3, 126.0’ in tube 4, 132.0’ in tube 5, 
and 164.0’ in tube 6. No clotting was 
observed in tube 7 at the end of a 6 
hour observation period. The mean 
Lee-White clotting time was 17.5 
minutes. 
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KFFECT OF 


B. IN Docs. In_ the 
initial specimen of normal dog blood 
the mean clotting time increased from 
4.2’ in tube 1 to 6.7’ in tube 2, 9.3’ in 
tube 3, 16.1’ in tube 4, and 87.2’ in 
tube 5. The mean Lee-White clotting 
time was 4.0’ (Table 1). 

One hour after intravenous injection 
of 15 mg. of heparin per 20 Ibs. of body 
weight the corresponding mean clotting 
times increased to 17.1’ in tube 1, 
35.3’ in tube 2 and 1.1 hours in tube 3. 
No mean clotting times were obtain- 
able in tubes 4 and 5 because no 


TABLE 1. 
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3 out of 21 specimens and in tube 5 
only 2 out of 21 specimens clotted 
within the usual observation period of 
6 hours. No mean clotting times were 
therefore established in tubes 3 to 5. 
The corresponding mean Lee-White 
clotting time was 15.0 minutes (Table 
1). 

Discussion. The results of this study 
are quite similar to those obtained with 
hypoprothrombinemic blood®, inasmuch 
as the clotting time after addition of 
suboptimal concentrations of sodium 
citrate is markedly prolonged varying 


CLOTTING TIMES OF DOG BLOOD ADDED TO SUBOPTIMAL AMOUNTS 


OF CITRATE BEFORE AND AFTER INTRAVENOUS INJECTION OF HEPARIN 


0.01 molar solution of sodium citrate added to: 


Lee- 


No. 1 No. 2 No. 3 No. 4 No. 5 
White 0.3060 0.40¢¢ 0.5¢e 0.6 0.7 ce 
Mean of 42 4.2’ 7 9.3/ 16.1’ 37.2’ 


Serial Tests 


One hour after intravenous injection of 15 mg of heparin per 20 Ibs. of body weight 


Dog 3 7’ 1’ 17’ 25’ @ hrs. x 
Dog 8 13’ 18’ a1’ 357 56’ 2.8 hrs. 
Dog 14 10’ 21’ 28’ 1.2 hrs. © x 
Dog 19 12’ 26’ 36’ 1.6 hrs. foe © 
Mean of 21 10’ iv.F 35.3’ 1.1 hrs. - = 


Serial Tests 


Two hours after intravenous injection of 20 mg of heparin per 20 Ibs. of body weight 


Dog 25 12’ 17’ 42’ 57’ 3.3 hrs. oo 
Dog 29 15’ 24’ 56’ 1.7 hrs. oo a 
Dog 32 20/ 30’ 1.1 hrs. 
Dog 40 25’ 45/ .3 hrs. o 
Vean of 21 15’ 23.9’ 52.5’ — 


Serial Tests 


clotting was observed in 8 out of 21 
specimens at the end of 6 hours in 
tube 4, and no clotting took place in 
tube 5 in 12 out of 21 specimens at 
the end of a 6 hour observation pe- 
riod. The corresponding mean Lee- 
White clotting time was 10 minutes. 
One hour after intravenous admin- 
istration of 20 mg. of heparin per 20 
lbs. of body weight the mean clotting 
time increased to 23.9 minutes in tube 
1, and 52.2 minutes in tube 2. In tube 
3 no clotting was observed in 10 out 
of 21 specimens at the end of six hours. 
In tube 4 clotting took place in only 


with the dose of heparin administered. 
This was of particular significance after 
injection of a relatively small dose, 
such as 25 mg. of heparin which pro- 
duces a mean Lee-White clotting time 
of only 13 minutes, whereas the mean 
clotting time in tube 7 is prolonged to 
120.5 minutes utilizing 0.5 cc. of a 0.01 
M. solution of sodium citrate. 

The Lee-White clotting time has 
been generally considered a _ rather 
crude tool in the evaluation of the 
clotting mechanism*!®. This is well il- 
lustrated by the fact that the mean | 
Lee-White clotting time one hour after 
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the administration of 25 mg. of heparin ' 


could be considered a high normal 
value. The mean clotting time after 
addition of 0.5 cc. of 0.01 M. solution 
of sodium citrate to 1 cc. of venous 
blood was, however, about 2 hours 
which is well above the corresponding 
mean normal value of 44.4 minutes 
(Fig. 1). 

After injection of 50 mg. of heparin 
the mean clotting time in tube 7 
increased to about 3 hours which is 
far beyond the corresponding mean 
clotting time of normal blood (44.4 
minutes), whereas the mean Lee- 
White clotting time was 16.9 minutes 
which is just above the upper limit of 
normal. 

One hour after the injection of 75 
mg. of heparin the blood in tube 7 
remained fluid indefinitely whereas the 
mean Lee-White clotting time was pro- 
longed to 17.5 minutes only. 

The clotting times of normal dog 
blood added to suboptimal amounts 
of sodium citrate were considerably 
shorter than those of human blood. 
This is in conformity with our previous 
findings®. One hour after intravenous 
administration of heparin many clotting 
times were prolonged to infinity so 
that no mean value could be obtained 
in some instances (Table 1). 

Since the clotting times, after addi- 
tion of suboptimal concentrations of 
sodium citrate to blood from individuals 
having received heparin, are prolonged 
in a fashion similar to those observed 
in hypoprothrombinemic blood, to 
which the same amounts of sodium 
citrate were added, it was attempted 
to establish a quantitative relationship 
between the anticoagulant effects of 
dicoumarin and heparin respectively 
(Fig. 2). Although the clotting time in 
tube 7 after intravenous administration 
of 50 mg. of heparin could be quanti- 
tatively compared with the correspond- 
ing clotting time in tube 7 of a patient 
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with a prothrombin time of about 16 
seconds while on dicoumarin therapy 
a similar comparison of the clotting 
times in tubes 1 to 6 reveals, how- 
ever, important differences. In the 
patients having received dicoumarin 
the clotting times are approaching nor- 
mal values in the tubes containing 
smaller amounts of sodium citrate, so 
that the clotting time in tube 1 is nor- 
mal whereas the corresponding clotting 
time in tube 1 of the patient having 
received 50 mg. of heparin is about 
25 minutes which is far above normal. 
This is in accord with the fact that he- 
parin affects the Lee-White clotting 
time whereas dicoumarin does not 
change it appreciably. The clotting 
times in the tubes with smaller amounts 
of sodium citrate therefore reflect some- 
what the changes observed in the Lee- 
White clotting time. It is only in tube 
7 that the clotting times after dicou- 
marin or heparin therapy become com- 
parable (Fig. 2). 

The effect of a parenteral adminis- 
tration of heparin upon a modified 
clotting time has been studied by de 
Takats!?3, The so-called “sensitized 
clotting time” obtained after addition 
of 4 micrograms of heparin to 1 cc. of 
venous blood seemed to produce a re- 
sult parallel to the capillary clotting 
time. The principle of this in vitro 
method had first been enunciated by 

Vaugh and Ruddick!*-!4 and was later 
modified by Tuft and Rosenfeld’?, and 
subsequently by Rosenthal?®. It seems 
reasonable to assume that the delay of 
the clotting time by small in vitro doses 
of heparin is caused by its antithrombic 
effect in conjunction with Albumin X 
as co-factor®. The mechanism of the 
similar effect produced by the addi- 
tion of a suboptimal amount of sodium 
citrate is rather to be looked for in the 
stage preceding the formation of 
thrombin such as caused by the inter- 
action of citrate with calcium or with 


EFFECT OF SUBOPTIMAL 


prothrombin or both. Ultimately, either 
procedure leads to a reduction of the 
thrombin action with a resulting delay 
of the clotting time. 

The view that the depression of cal- 
cium ions by citrate, as put forward by 
Sabbatani!! and accepted widely, leads 
to a delay of coagulation is unlikely be- 
cause of the relatively high dissocia- 
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amounts of sodium citrate is due pri- 
marily to its union with prothrombin 
or with calcium, we have to assume 
that the result is always a delayed for- 
mation of thrombin thereby producing 
a delayed clotting time, which in turn 
is an extremely sensitive indicator of 
hypocoagulability such as induced by 
the administration of heparin or di- 
coumarin as previously shown. 


Hours— 
w 
iL 


CLOTTING TIME 


| 40'4 


cc. 


0.4cc. O.5cc. 


0.01 Molar Solution of Sodium Citrate 


Fic. 2.—Comparison of the dicoumarin and heparin effects upon the clotting time of human 
blood added to suboptimal amounts of sodium citrate. 


tion constant of the calcium citrate 
complex‘. Evidence has been presented 
that the primary anticoagulant action 
of sodium citrate is antiprothrombic, 
that is, that citrate combines with pro- 
thrombin thereby inactivating it’. On 
the other hand, it has been shown that 
citrate forms a very stable complex 
with calcium®. Regardless whether the 
anticoagulant action of suboptimal 


Summary. 1. Addition of suboptimal 
amounts of sodium citrate to normal 
human or dog blood produces delayed 
clotting times characteristic of the 
species and determined by the amount 
of anticoagulant solution. 

2. Addition of suboptimal amounts 
of sodium citrate to human and dog 
blood one hour after intravenous ad- 
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EFFECT OF SUBOPTIMAL CONCENTRATIONS OF SODIUW CITRATE 


ministration of heparin yields markedly optimal amounts of sodium citrate to 1 
delayed clotting times varying with the cc. of venous blood can be considered 
amount of injected heparin. a sensitive indicator of hypocoagula- 


3 


. The delayed clotting time as pro- _ bility such as produced by both dicou- 


duced by the addition of specified sub- marin as well as heparin. 
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CHANGING CONCEPTS IN THE HEMOLYTIC ANEMIAS OF CHILDHOOD 


By BENJAMIN DICKSTEIN, M.D. 


(From the Children’s Hospital of Philadelphia and the Department of Pediatrics, University of 
Pennsylvania School of Medicine, Philadelphia, Pennsylvania) 


RECENT advances in hematology, 
particularly in the direction of a more 
complete understanding of the hemoly- 
tic anemias, has made the past decade 
of medical research a fruitful one. The 
individual types of hemolytic anemia 
although relatively rare, collectively 
constitute auite a sizable group. A 
hemolytic disorder may be defined as 
one in which the life span of the red 
cell is significantly shortened from the 
average of 120 to 125 days. 

A number of different substances 
and a number of different conditions 
are associated with the abnormal and 
excessive destruction of red cells with- 
in the blood stream. The interest of 
the physical chemist and physiologist 
in the fundamental nature of the hemo- 
lytic process has greatly increased our 
understanding of the hemolytic ane- 
mias. The process which ends in the 
destruction of the cell is presumably 
intrinsic: “one which takes place with- 


in the red cell itself*+.” It is often de- 
scribed as one of “wear and tear” 
brought about by the cells having been 
buffeted about in the circulation for 
such a long time. Ponder** feels this 
way of describing it as vague and un- 
satisfactory. He suggests in its place, 
thinking of the cell as aging contin- 
uously and using up enzymes and other 
materials essential to the cell’s integ- 
rity. Regardless of mechanism, hemoly- 
sis must be due to disruntion of the 
red cell envelope. The red cell which 
is normally a biconcave disc gradually 
becomes more and more spherical. The 
spheroidal erythrocyte, the “spher- 
ocyte”, is particularly liable to destruc- 
tion within the spleen. 

When rapid destruction of a pa- 
tient’s red cells is suspected because 
of such findings as anemia, reticulocy- 
tosis, and increased urinary and fecal 
urobilinogen, the clinician is faced 
with the problem of determining the 
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hemolytic disorder in the given patient. 

CLASSIFICATION. A classification of 
the hemolytic anemias based on the 
course and severity of their manifes- 
tation is likely to be confusing. It is 
more useful to differentiate congenital 
and acquired forms. Better still is a 
classification based on pathogenesis. 
It is helpful to appreciate that the life 
span of the erythrocyte may be short- 
ened by either intra-corpuscular de- 
fects or by extra-corpuscular forces. 
In the main the former are familial 
and hereditary while the latter are ac- 
quired. 


Hereditary: Intrinsic Red Cell Ab- 
normality (Defective 
Erythron ) 

A. Hereditary Spherocytosis 
(Congenital Hemolytic Ane- 
mia ) 

B. Hereditary Leptocytosis ( Medi- 
terranean Anemia, Thalasse- 
mia, Cooley's Anemia ) 

C. Sickle-cell Anemia 

D. Familial Non-spherocytic Hem- 
olytic Anemia 

E. Paroxysmal Nocturnal Hem- 
oglobinuria 

Acquired: Extrinsic Factors Causing 
Decreased Red Cell Life 
Span 

A. Due to direct effect of chemi- 
cals, physical agents, bacteria, 
animal and vegetable poisons 

B. Due to autogenous develop- 
ment of a. hemolytic antibody 

C. Due to increased activity of the 
reticulo-endothelial system 
(“Hypersplenism” ) 


The abnormally shaped red cells of 
hereditary spherocytosis, of sickle cell 
anemia, and of Mediterranean anemia 
are all peculiarly vulnerable to destruc- 
tion by hemolytic processes. The cells 
have two defects in their architecture, 
a defect in shape and an abnormality 
in the nature of their hemoglobin. In 


each case the cells are hemolyzed_ be- 
vause of intrinsic defects but the 
hemolytic mechanisms are different. 

The red cell of hereditary spherocy- 
tosis is unusually thick in relation to 
its diameter and is sequestered and 
destroyed within the spleen. The sickle 
cell with its increased mechanical 
fragility, its constant transformation 
and retransformation from disc to 
sickle form is destroyed by processes 
which are probably hemolytic but less 
easy to specify. The flat cells of Medi- 
terranean anemia are abnormally prone 
to fragmentation. In each of these dis- 
eases the abnormality of red cell shape 
is accompanied by an abnormality in 
the contained hemoglobin. 

Familial non-spherocytic hemolytic 
anemia is associated with neither 
spherocytosis nor increased osmotic 
fragility. Splenectomy is of no value. 
The cells have a shortened survival 
time when transfused into a normal 
subject. Paroxysmal nocturnal hem- 
oglobinuria is rare in, the childhood 
period. 

Chemical agents such as lead, the 
sulfonamides, and of increasing im- 
portance in recent years, naphthalene, 
will induce hemolysis. Physical agents 
such as heat, infectious agents such as 
the malarial parasites, vegetable pois- 
ons such as the fava and castor beans, 
and animal poisons such as_ snake 
venom may be implicated in red cell 
destruction. Of the antibodies the most 
well known are the anti A, anti B, and 
anti Rh. The role of an _ overactive 
spleen in destroying not only red cells 
but white cells and platelets has long 
been stressed by Doan and his associ- 
ates!®, 

LABORATORY APPROACHES. The line 
of cleavage which exists between the 
hereditary and acquired group can 
even be more sharply defined by what 
have now become commonly accepted 
laboratory procedures. 


PEDIATRICS 


. Erythrocytic Survival Studies 

. Demonstration of Autoantibodies 
. Spectroscopic Study for Methe- 
malbumin 

Erythrocyte Survival Studies. The 
study of the survival of transfused 
erythrocytes has now become a well 
established tool in the investigation of 
hemolytic disturbances. It provides es- 
sential information regarding the phys- 
iology of the red cell which is not 
obtainable by measurements of cell 
size or shape or in vitro fragility. 

These studies, based on various mod- 
ifications of the technique originally 
described by Ashby', can be carried 
out by transfusing corpuscles which 
differ from those of the recipient with 
regard to MN or Bh type or by giving 
group O corpuscles to recipients be- 
longing to one of the other three major 
blood groups. How long these cells 
remain in the circulation is then de- 
termined by means of differential ag- 
glutination. The recipient's cells are 
agglutinated in a red cell counting 
chamber by means of agglutinating 
fluid. The donor cells remain unag- 
glutinated and can be counted direct- 
ly. By successive counts, a curve is 
plotted showing the decrease of un- 
agglutinated transfused cells with the 
passage of time. This curve therefore 
indicates the life span of the transfused 
cells. 

When blood from normal donors 
is transfused into normal infants and 
children the survival curve has a rough- 
ly linear shape®®. The erythrocyte 
half-life has been reported as 46 to 80 
days and the erythrocyte maximum life 
as 100 to 110 days. 

Normal erythrocyte survival curves 
are also obtained when normal red 
cells are transfused into children with 
uncomplicated sickle cell anemia, 
hereditary spherocytosis and Mediter- 
ranean anemia®*5, This indicates the 
absence of any _ extra-corpuscular 
mechanism making for destruction. 
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Conversely, a rapid elimination of 
donor cells is observed when erythro- 
cytes from patients with sickle cell 
anemia are transfused into normal re- 
cipients®*, There is a rapid initial 
fall but the speed of hemolysis is not 
always maintained and a small propor- 
tion of the sickle cells tend to survive 
for a longer period. These results in- 
dicate that the increased hemolysis 
in sickle cell anemia is a function of 
the abnormal erythrocyte itself. There 
is no evidence that normal or erythro- 
phagocytic factors are directly respon- 
sible. When cells from patients with 
hereditary spherocytosis are transfused 
into normal recipients a similar type 
of exponential curve is obtained?. 
Sickle cell. trait cells have a normal 
survival time*’. Cells from patients 
with frank Mediterranean anemia 
transfused into normal recipients show 
a rapid initial elimination. Twenty-five 
to 50% of the transfused cells disap- 
pear in the first 20 to 30 days during 
which the rate of fall is linear but 
accelerated. The mean half-life of the 
transfused erythrocyte is 25 days as 
compared to a mean half-life of 62 
days obtained with normal recipients”. 
In the carrier state the survival of the 
transfused erythrocytes in normal re- 
cipients is normal®*. These studies 
confirm the existence of a hemolytic 
component in Mediterranean anemia 
due to an intracorpuscular defect. 

Selwyn and Hackett*! showed that 
red cells from patients with acquired 
hemolytic anemia survived normally 
when transfused into normal recipients. 
Normal cells transfused into patients 
with acquired hemolytic anemia be- 
come sensitized, give a positive direct 
Coombs test, and are rapidly elimin- 
ated from the recipient's circulation. 
This provides further evidence that 
an antibody or sensitizing agent initi- 
ates the hemolytic process. This anti- 
body is apparently somewhat nonspeci- 
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Demonstration of Autoantibodies. 
Another diagnostic aid which tends to 
separate the congenital and acquired 
hemolytic anemias is found in the new- 
er immunologic approaches such as 
the Coombs test. These usually give 
positive results in acquired hemolytic 
anemia and usually negative in heredi- 
tary spherocytosis *°, 

In 1944, Race*? recognized the “in- 
complete” antibody in Rh-negative 
mothers who had been sensitized by 
fetal Rh-positive erythrocytes. In 1945, 
Coombs, Mourant, and Race! pre- 
pared in the rabbit an antihuman glob- 
ulin serum which detected incomplete 
Rh agglutinins absorbed on red blood 
cells. The test has been employed as a 
test for adsorption by the red cells of 
isoagglutinins not related to blood 
groups. The direct Coombs test de- 
tects agglutinins on the red cell; the 
indirect test detects agglutinins in the 
serum. 

Immunologic mechanisms capable of 
damaging the integrity of the red cells 
are demonstrable by several labora- 
tory approaches, of which the two 
forms of the Coombs test are the most 
widely used. 

1. Direct Coombs 
bodies etiologically responsible for 
many cases of acquired hemolytic 
anemia appear to be closely linked to 
the plasma proteins and especially the 
globulins, as evidenced by the observa- 
tion that in nearly all instances the red 
cells from patients with the disturb- 
ance are agglutinated by Coombs test- 


Test. The anti- 


ing serum (direct Coombs test). This . 


serum is prepared by injecting rabbits 
with human serum globulin until anti- 
bodies develop against the human 
globulin. Red cells from normal per- 
sons or those with the hereditary forms 
of anemia are usually not agglutinated 
by this reagent. Sensitized cells will 
often agglutinate spontaneously when 
suspended in whole serum or in al- 
bumin. 
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The numerous pitfalls that attend the 
Coombs test are well summarized by 
Wolman®’. The red cells should have 
at least three preliminary washings, 
else an outer shell of normal plasma 
globulin may prevent the union of the 
rabbit serum with the autoantibody 
coating. Several lots of rabbit serum 
may be needed, because of variations 
in reactivity. A positive reaction may 
not appear until after the serum has 
been diluted (the prozone phenome- 
non). A positive reaction may be given 
with normal red cells containing no 
antibodies if the serum had been ad- 
sorbed inadequately against normal 
human red cells before being used, or 
if the patient’s blood contained cold 
hemagglutinins or the Donath-Land- 
steiner antibodies. 

By using progressive dilutions of the 
antiglobulin serum it is possible to 
titrate roughly the amount of adsorbed 
antibody. The activity of the disease 
and the amount of antibody on the 
cell tend to run parallel. 

2. Indirect Coombs Test. When the 
direct Coombs test is negative it may 


be possible to demonstrate the exist- 


ence of anti-red cell antibodies in the 
patient’s plasma by first exposing nor- 
mal red cells of a compatible blood 
type or from a group O Rh-negative 
subject to the patient’s plasma, and 
then noting agglutination of these red 
cells when rabbit anti-human _glob- 
ulin serum is added subsequently. 
Rh positive red blood cells treated 
by viruses or enzymes are agglutin- 
ated in very high dilutions of blocking- 
anti Rh serum. Burnet, McCrea and 
Stone® first noted this phenomenon 
with cells treated with virus and fil- 
trates of vibrio cholerae. Morton and 
Pickles?” noted similar characteristics 
using crude and crystalline trypsin. 
The use of trypsin-treated red blood 
cells has provided an additional valu- 
able tool for demonstrating circulating 
or free antibody in the serum. Wheeler, 


PEDIATRICS 683 


Schall and Luhby®* have found the 
following advantages: 1) The ag- 
glutination in saline dilutions of serum 
is easier to read. 2) The antibody re- 
tains its specificity. 3) The tests can 
be read almost immediately. 4) Pro- 
zones seem to be abolished. 5) Smaller 
amounts of antibody can be detected 
than with the usual “conglutination” 
technique. 6) False positive tests and 
false negative tests have not been ob- 
served, 

Methemalbumin. Another difference 
between acquired and congenital hem- 
olytic anemia is the presence of methe- 
malbumin in the plasma of patients 
with the acquired form of the dis- 
ease. This substance is said to be pres- 
ent in only very small amounts or absent 
in the serum of patients with heredi- 
tary spherocytosis. With extensive 
intravascular hemolysis large amounts 
of hemoglobin may be liberated into 
the circulation. A large portion is ex- 
creted in the urine; another portion 
is taken up by the reticuloendothelial 
system to be converted to bilirubin and 
some is transformed to hematin which 
at once combines with albumin to form 
methemalbumin. Methemalbumin has 
a very characteristic absorption spec- 
trum and may be identified by spectro- 
scopic methods. It is relatively persist- 
ent in the blood stream, since it is not 
excreted by the kidneys and is slowly 
absorbed by the reticulo-endothelial 
system. 

Whether the presence of methemal- 
bumin in acquired hemolytic anemia 
and its absence in hereditary sphero- 
cytosis reflect a difference in the rate 
of red blood cell destruction in the 
two diseases is not known. The pres- 
ence of circulating methemalbumin 
has been interpreted as indicating in- 
travascular hemolysis”. 

Sicklemia. Of the 15 million Negroes 
in the United States, approximately 8% 
have a tendency to have their red cells 
sickle when subjected to a lowered 


oxygen tension, that is, they will as- 
sume a diversity of shapes and forms 
characterized by sharply pointed ends. 

Genetics. Both Neel**» and Beet* 
have shown that sickling in the Negro 
population is transmitted by a single 
gene. In the heterozygous state it is 
responsible for the sickle cell trait. 
When homozygous it gives rise to 
active sickle cell anemia. 

Although both parents of a child 
with sickle cell anemia usually exhibit 
the sickle cell trait there are occasional 
exceptions. These unusual families 
permit at least 5 explanations accord- 
ing to Neel*®»: 1) Discrepancy between 
the legal and the biological father. 2) 
Suppression of the action of the sickle 
cell trait by a genetic modifier. 3) 
Technical failures in eliciting sickling. 
4) Mutation. 5) Contribution by the 
apparently normal parent of a gene 
or genes which in conjunction with a 
single sickle cell gene produces sickle 
cell anemia. 

The sicklemia gene is not limited 
exclusively in its expression to indi- 
viduals of known Negro descent. In a 
child who receives a gene responsible 
for Mediterranean anemia from a non- 
sickling parent and a sickle cell gene 
from the other parent, sickle cell an- 
emia develops on the basis of heterozy- 
gosity for both the sickle cell thalas- 
semia genes? 2:52.55, This type of sickle 
cell anemia approximates in severity 
the more usually encountered type. 
Hematologically the anemia is hypo- 
chromic, in contrast to the normochro- 
mic and macrocytic picture of sickle cell 
anemia, and the poikilocytosis is more 
marked. Silvestroni and Bianco* offer 
three possible alternative explanations 
for this hematologic condition. 

1. The first possibility is that the 
two genes are inherited quite inde- 
pendently of one another, being located 
on different chromosomes and we have 
here a non-alleli¢c factor interaction. 
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2. That the anemia is due not to 
factor interaction but represents an 
extreme variant of thalassemia minor 
with the occurrence of sickling as an 
incidental finding. 

3. The third possibility is that the 
genes are members of a series of alle- 
lomorphs. 

Most of these cases have occurred 
in individuals of Italian and- Greek 
extraction. It appears quite possible 
that many other reported cases of sickle 
cell disease in presumably entirely Cau- 
casian individuals have a similar gen- 
etic background. 

ABNORMAL HEMOGLOBINS. Recent 
developments emanating from the lab- 
oratories of the biochemist and physi- 
cist have aided greatly in the under- 
standing of the pathologic physiology 
of sickle cell anemia and many of the 
hereditary hemolytic syndromes. 

Sickle Cell (S) Hemoglobin. In 1949, 
Pauling*®* and his associates made the 
fundamental discovery that hemoglo- 
bin obtained from the cells of patients 
with sickle cell anemia differed elec- 
trophoretically from normal hemoglo- 
bin. Under specific experimental con- 
ditions the hemoglobin from patients 
with sickle cell anemia moved as a 
positive ion, while normal hemoglobin 
moved as a negative ion. Of equal im- 
portance was the disclosure that the 
hemoglobin from patients with actual 
sickle cell disease was completely ab- 
normal, while the patients showing only 
the sickle cell trait had a mixture of 
normal and abnormal hemoglobins. 

The amount of S hemoglobin (the 
abnormal hemoglobin found in sickle 
cells) can be determined quantita- 
tively in the Tiselius apparatus. Hemo- 
globin solutions prepared from trait 
erythrocytes show concentrations of 
from 23 to 45% of the pathologic pig- 
ment. 

Cells from patients with active sickle 
cell anemia were considered at first 
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to contain only S hemoglobin, but 
Wells and Itano®* found later that 
some patients had electrophoretically 
normal hemoglobin in small amounts. 

Fetal (F) Hemoglobin. Singer and 
his associates were later able to ad- 
duce additional information in the 
study of abnormal hemoglobin by the 
process of alkali denaturation. Nor- 
mal hemoglobin pigment is complete- 
ly denatured within one minute when 
exposed to an alkaline reagent at a 
pH of 12.7. They were able to demon- 
strate that when this procedure was 
applied to sickling erythrocytes, a frac- 
tion relatively resistant to denatura- 
tion was encountered regularly in ac- 
tive sickle cell anemia but not in the 
trait. This alkali-resistant hemoglo- 
bin is of the fetal type and is known 
as F hemoglobin. 

No quantitative correlation exists be- 
tween the hemoglobin determined by 
electrophoretic and by denaturation 
processes in sickle cell anemia. Never- 
theless both are usually present in 
active cases. 

Fetal hemoglobin appears to be in- 
capable of sickling. This may be the 
reason only a very small percentage of 
the red cells of the newborn exhibit 
the sickling tendency. Cord blood con- 
tains approximately 50 to 85% fetal 
hemoglobin**». It rapidly decreases 
during the first year of life. In the first 
8 months fetal hemoglobin varies in 
amounts from 10.7 to 77.5% of the total 
hemoglobin. During the second half of 
the first year of life there is still 2.7 to 
27% of the embryonic pigment. After 
this it is found in amounts less than 5% 
and is rarely demonstrable after the 
age of 30 months**». 

Studies by Perutz and Mitchison** 
revealed that reduced S hemoglobin 
has only one-hundredth of the solu- 
bility of the oxy-S compound, whereas 
reduced normal adult hemoglobin 
(type N) has one-half the solubility 
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of the oxy-N pigment. This reduced 
solubility suggests that sickling may 
be caused by crystallization of reduced 
S hemoglobin within the red_ cells. 
Highly concentrated solutions (15 to 
25 gm.%) of reduced S hemoglobin 
showed gel formation and on examina- 
tion with the phase microscope re- 
vealed “tactoid” formation?*, Tactoids 
are composed of long, thin spindle or 
rod-like particles which arrange them- 
selves in parallel and equidistant fash- 
ion***, Harris found that the concen- 
tration of reduced S$ hemoglobin with- 
in the red cell was 30% and he con- 
cluded that a sickled cell represented 
a “hemoglobin tactoid thinly veiled, 
and somewhat distorted by the cell 
membrane?3,” 

Singer and Chernoff*** undertook 
studies to determine the specificity of 
tactoid formation. Highly concentrated 
hemoglobin solutions from hematolog- 
ically normal individuals (100% N) 
were incapable of gel or tactoid for- 
mation. Conversely, hemoglobin solu- 
tions prepared from the erythrocytes of 
patients with sickle cell anemia and 
sickle cell trait consistently showed gel 
and tactoid formation. Specimens ob- 
tained from anemia erythrocytes gelled 
within 15 minutes after exposure to 
COs, in concentrations of 18 to 22 gm.%. 
Similar preparations from trait cells 
required a longer period of time be- 
fore this phenomenon was elicited and 
only after a much higher concentra- 
tion, up to 30 gm.% had been achieved. 
When the completely reduced hem- 
oglobin concentrates were examined 
with the phase microscone before gell- 
ing took place, tactoid formation was 
always readily demonstrable. Since 
the development of tactoids precedes 
gel formation, it is conceivable that in 
solutions containing but a small per- 
centage of S hemoglobin only the 
former may be noted. 

Singer and Chernoff’ studies sug- 
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gest that of the known types of human 
hemoglobin only the S compound is 
capable of forming tactoids, and will 
gel when present in the reduced state 
in sufficiently concentrated solutions. 

By applying these qualitative tests 
for S hemoglobin to the alkali resistant 
fraction (F hemoglobin) in sickle cell 
anemia, it was found that the resist- 
ant pigment was incapable of tactoid 
formation and therefore most likely 
not related to the S compound. 

Hemoglobin III. Itano and Neel** en- 
countered two families in whom one 
or more children presented a hematol- 
ogic picture which resembled that of 
sickle cell disease but was of less 
severity. The erythrocytes of only one 
parent could be induced to sickle. Elec- | 
trophoretic studies revealed a hitherto 
unrecognized inherited abnormality of 
hemoglobin. The new component mi- 
grated as a more positive ion than 
either normal or sickle cell hemoglo- 
bin. This third type of adult human 
hemoglobin was designated hemoglo- 
bin III. Kaplan, Zuelzer and Neel?® 
reported that the combination of hem- 
oglobin III and sickle cell hemoglobin 
was associated with a mild hemolytic 
syndrome intermediate between severe 
sickle cell anemia and the benign sickle 
cell trait. In combination with normal 
hemoglobin, hemoglobin III is asso- 
ciated with an asymptomatic carrier 
state without erythrocyte sickling. 

The presence of hemoglobin III is 
determined by a gene which appears 
to be transmitted as a Mendelian domi- 
nant. In each of several families 
studied, one parent had the new com- 
ponent in a mixture with normal hem- 
oglobin while the other had tle typical 
sickle cell trait with a mixture of nor- 
mal and sickle cell hemoglobin. 

The two different genes of hemoglo- 
bin III and sickle cell hemoglobin 
potentiate each other much as the two 
similar genes of the sickle cell trait 
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potentiate each other in sickle cell 
anemia. In those individuals whose 
hemoglobin proved to consist of hemo- 
globin III and sickle cell hemoglobin 
the value for each of the two frac- 
tions was at or approached 50%, even 
though in the parents the correspond- 
ing values were only 30%. In these 
patients the sickling phenomenon was 
invariably present in vitro. 

In dry stained blood films the only 
striking feature of the erythrocytes 
is the presence of numerous target 
cells which comprise from 45 to 75% 
of the red cell population. In other 
respects the erythrocyte morphology 
is remarkably normal. There is only 
slight elevation of the reticulocyte 
count. Nucleated red cells are extreme- 
ly rare. The resistance of the red cells 
to hypotonic saline is significantly in- 
creased. Chemical studies indicated 
only a very mild hemolytic disturb- 
ance. 

The survival of normal cells trans- 
fused into these patients was normal. 
The survival of cells transfused from 
the patients into normal recipients was 
markedly shortened. This indicates an 
intracorpuscular erythrocyte defect 
similar to that of sickle cell anemia. 
These individuals had no symptoms 
related to anemia and no _ unusual 
physical findings other than the pro- 
gressive enlargement of the spleen. The 
red blood cell and hemoglobin values 
were normal, as were bone marrow 
studies. 

The observation that erythrocytes 
which seem to survive normally in their 
host are destroyed rapidly in normal 
individuals appears to be unique. 

Crises. In many patients with active 
sickle cell disease, the disturbance, 
after having been stable for many 
months or even years, may exhibit a 
sudden exacerbation of severity known 
as a crisis. Some of these exacerba- 
tions are induced by acute bacterial 
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or viral infections, and consist simply 
of an exaggeration of the signs and 
symptoms present during the quies- 
cent period. Other exacerbations rep- 
resent an interesting and poorly under- 
stood intensification of hemolytic phe- 
nomena. Many crises are minor and 
require no immediate therapy. Others 
bring about sudden jaundice, a rapidly 
progressive anemia, and other signs 
of acutely augmented blood destruc- 
tion®®. 

These hemolytic exacerbations or 
crises have been explained in the past 
as being due in part to the sudden 
sickling and precipitation of great 
numbers of red cells within the circula- 
tion resulting in a more or less simul- 
taneous capillary blockade”®. 

Singer et al.*® and later Chernoff and 
Tosephson® have directed attention 
to the occasional tendency for acute 
viral and bacterial infections to severe- 
ly inhibit the production of red cells 
in the marrow for as long as 8 to 10 
days. In a hematologically normal in- 
dividual this erythrocytic aplasia would 
present no “crisis.” In active sickle cell 
diseases or other chronic hemolytic dis- 
turbances, however, this failure of 
delivery of red cells along with a 
markedly shortened survival time of 
those in the circulation may lead to 
a sudden exaggeration of anemic symp- 
toms in the course of a very few days. 
The only certain way of recognizing 
this complication is by the demonstra- 
tion of a diminished erythrogenesis 
by marrow studies. There is an ab- 
sence of reticulocytosis on the peri- 
pheral film. 

Acquired Hemolytic Anemia. Routine 
use of the Coombs antiglobulin test in 
all suspected cases of hemolytic disease 
has aided greatly in clarifying the na- 
ture of the heterogeneous disorders 
grouped under the term “acquired 
hemolytic anemia.” The role of the Rh 
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factor in hemolytic disease is beyond 
the scope of this paper. 
NAPHTHALENE Porsoninc. In 1949, 
Zuelzer and Apt® reported 4 cases of 
acute fulminating hemolytic anemia in 
young children following the ingestion 
of moth balls containing pure naphtha- 
lene. Had not a little medical sleuthing 
discovered the cause of the anemia, it 
would have been indistinguishable 
from the so-called Lederer’s anemia. 
It seems incredible that these are the 
first cases to be reported in America. 
The 4 children ranged in age from 2 
to 2% years and all were admitted with 
similar symptoms of nausea, vomiting, 
elevated temperature, diarrhea and 
hemoglobinuria. Fragmentation of the 
red blood cells was an outstanding fea- 
ture of the blood picture in each case. 
Heinz bodies were found in the only 
case in which a search was made at 
the time of admission. A similar hemo- 
lytic anemia was found in dogs fed 
pure naphthalene flakes. In each of the 
dogs the hemolytic process was pre- 
ceded by the appearance of Heinz 
bodies. Unless there is specific ques- 
tioning regarding moth ball ingestion, 
cases such as these will continue to 
be labeled Lederer’s anemia. 
Schafer®® reported a case of acute 
hemolytic anemia due to naphthalene 
in a newborn infant. The infant was 
born after an uncomplicated pregnancy 
and deliverv. At three days of age 
dianers which smelled strongly of 
mothballs were taken out of storage. 
The baby’s skin was rubbed down daily 
with oil. Although naphthalene is not 
apvreciably soluble in water, it is verv 
soluble in oil. Within two davs jaundice 
and cvanosis developed. Hemoglobi- 
nuria and a fall in hemoglobin followed. 
The subseauent course was downhill 
and the infant expired at one week of 
age. 
IpropAtTuic AcQurRED HEMOLYTIC 
AnemMIA. Antibody Formation. There 
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are 2 principal forms of autoantibodies. 
One form occurs naturally in the serum 
of all normal persons. These antibodies 
are of low titer and usually cannot be 
demonstrated except in tests carried 
out at low temperatures or by employ- 
ing specific sensitive antigens such as 
enzyme-treated cells. Normally no per- 
son’s serum will clump his own red 
cells at body temperatures. When the 
cold autoantibodies are markedly in- 
creased in titer, however, the reactions 
may also take place at body tempera- 
ture and occasionally a hemolytic 
anemia results®®. 

The second type of autoantibody does 
not occur normally and is apparent- 
ly the result of true autosensitization. 
Each form of autoantibody may exist 
in at least two forms. One form is the 
so-called saline agglutinating or “biva- 
lent” antibody which clumps cells in 
saline medium. The other form, other- 
wise known as the albumin agglutinat- 
ing, blocking, “univalent,” glutinin, or 
incomplete antibody, clumps cells only 
in colloid media such as plasma, albu- 
min and acacia. The warm autoanti- 
bodies which cause idiopathic acquired 
anemia are usually of the univalent 
form*®, 

Anti-red cell autoantibodies are ap- 
parently formed by the reticuloendo- 
thelial system, the lymphoid system, the 
vlasma cells, or the cells of the svleen. 
The snleen is a common offender, in 
that it is both the largest lymphoid 
organ of the body and the largest com- 
pact unit of reticuloendothelial cells’. 
The autoantibodies may or mav not be 
found free in the plasma. They are 
more often demonstrable on the va- 
tient’s red cells by the Coombs and re- 
lated tests. Once thev reach the pa- 
tient’s red cells thev set in motion the 
various hemolytic phenomena. 

The exciting stimulus for the vroduc- 
tion of these anti-red cell autoanti- 
bodies is as a rule obscure. Certain 
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drugs, viruses and bacteria seem at 
times to be etiologically related. These 
appear to initiate the hemodestructive 
process by causing minor chemical dis- 
turbances in the red cells. The altered 
red cells then act as antigens to stimu- 
jate excessive activity on the part of one 
cr more of the immune mechanisms 
of the body. The immune mechanisms 
then attack and injure other red cells 
which in turn become further antigens, 
and so the cycle goes on in the form 
of a chain reaction®®, 

Wagley and his associates** extracted 
the spleens removed from patients 
with acquired hemolytic anemia for 
the presence of a substance possess- 
ing an affinity for normal red blood 
cells. Results revealed the presence of 
such a substance responsible for agglu- 
tination, presumably due to the adsorp- 
tion of this substance on the surface 
of the red cell or to a modification of 
of surface structure by contact with 
an active substance in the splenic pulp. 
The property of agglutinability of the 
normal red blood cells seemed prob- 
ably conferred by the splenic cells 
rather than by the presence of serum 
in the splenic pulp. The patient’s serum 
had been largely removed from the 
splenic pulp by the numerous washings 
employed in the preparations made 
from fresh spleens. Further evidence 
that the spleen is a potent source of the 
substance causing agglutinability was 
shown by the fact that in two of the 
patients, splenectomy caused a de- 
crease in the agglutinability of the cir- 
culating red blood cells. Evans and 
Duane” also found that splenectomy 
when successful was accompanied by 
a sharp reduction of the amount of 
adsorbed sensitizing agent on the 
cell. These investigators were able to 
demonstrate that in acauired hemo- 
lvtic anemia there is a direct relation- 
ship between the activity of the dis- 
ease and the amount of red cell adsorp- 
tion of the immune body. Increased 
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activity is associated with maximal ad- 
sorption and remission in the hemo- 
lytic activity with distinctly less ab- 
sorbed immune substances. 

Treatment. With conservative ther- 
apy some patients undergo spontaneous 
remission. Transfusions of red cells or 
whole blood may relieve the anemia 
but the respite tends to be shorter than 
with other diseases. Repeated trans- 
fusions sometimes actually seem to 
aggravate the hemodestruction. Wol- 
man comments that reliable cross- 
matching can become extremely diffi- 
cult if the circulating antibody is com- 
paratively broad in specificity and re- 
acts with the red cells of most prospec- 
tive donors®®. In this situation the pa- 
tient is best transfused with washed red 
cells of the O Rh-negative variety. 
When transfusions were given as the 
sole method of therapy, Dameshek and 
Rosenthal!’ observed only 8 remissions 
in a series of over 70 cases. 

The results of splenectomy are vari- 
able and unpredictable**?. The remis- 
sion may be complete and permanent 
or only partial and for a brief period. 
The benefit of splenectomy may be 
due in part to the removal of a large 
sinusoidal vascular bed favorable to 
“cell sludge” and in part to the removal 
of the largest localization of phago- 
cytic, antibody forming cells®®. Wright 
and his group® explain failures follow- 
ing splenectomy in terms of 1) acces- 
ory splenic tissue still present, or 2) 
circulating antibodies from _ other 
sources stimulating generalized extra- 
splenic reticuloendothelial hyperplasia 
and hyperphagocytosis. 

Attempts to control antibody by a 
direct attack on the reticulo-endothelial 
system with intravenous nitrogen mus- 
tard have been unsuccessful'®. Recent 
emphasis has been on the lymphoid 
svstem of cells as one of the major sites 
of antibody vroduction. Because of 
the known effects of ACTH and corti- 
sone on lymphoid tissue, many investi- 
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gators*'*-15.22 began the use of ACTH 
and cortisone in the treatment of 
acquired hemolytic anemia. In many 
cases with the depletion of abnormal 
antibody there was a cessation of the 
hemolytic process. Remission may be 
maintained for many months with oral 
cortisone. Some of the laboratory tests 
for autoantibodies may become nega- 
tive during this period of therapy al- 
though the Coombs test usually re- 
mains positive. The hemolytic process 
tends to recur shortly after cessation 
of corticotropin or cortisone and to be 
repressed again by their resumption”. 

Hereditary Spherocytosis. Heredi- 
tary spherocytosis, or congenital hemo- 
lytic anemia as it was formerly known, 
exhibits more extreme deviation from 
the normal in infancy and childhood 
than it does in later life. Once hemo- 
lytic phenomena become established 
early in life the patient fails to progess 
in as benign a fashion as when symp- 
toms are established after maturity. 
The statement has been expressed time 
and time again that adults with this 
disease are far more jaundiced than 
sick, whereas children and especially 
infants are far more sick than jaun- 
diced. 

Lasoratory Aspects. The designa- 
tion “hereditary spherocytosis” is. accu- 
rately descriptive. The disorder, in- 
herited as a Mendelian dominant, is 
characterized fundamentally by the 
presence of abnormally thick red blood 
cells called spherocytes. Anemia or 
jaundice or both may be lacking. 

There is a greater than normal in- 
crease in both mechanical and osmotic 
fragility of freshly drawn cells*!. These 
abnormalities are present even after 
splenectomy or when the hemolytic 
process is fairly inactive. 

In severely affected patients the 
mean corpuscular thickness is general- 
ly increased and the mean corpus- 
cular diameter decreased. Significantly 
spherocytosis is quite apparent in peri- 
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pheral smears. In cases with little or 
no anemia, spherocytosis is minimal 
and the mean corpuscular diameter 
and the calculated mean corpuscular 
thickness are usually not sufficiently 
abnormal to be of aid in substantiating 
a diagnosis of spherocytosis. 

Cells from patients with hereditary 
spherocytosis are more readily trapped 
in the spleen than are normal red cells. 
Perfusion experiments have shown that 
spleens from patients with idiopathic 
thrombocytopenic purpura may be cap- 
able of selective imprisonment of 
spheroidal cells in essentially the same 
manner as spleens from patients with 
spherocytosis®'. Spleens from normal 
individuals would also selectively re- 
tain spheroidal cells. Since splenectomy 
greatly decelerates red cell destruction 
in patients with hereditary sphero- 
cytosis, spheroidal cells survive much 
longer when transfused into splenec- 
tomized individuals. 

In accordance with the present con- 
cept of the role of the spleen in heredi- 
tary spherocytosis, spheroidal cells 
seem to be readily trapped in the 
splenic pulp because their normal 
thickness does not permit them to 
escape easily through slit like openings 
into the venous sinusoids*’. A normal 
spleen is probably as capable of trap- 
ping spheroidal cells as readily as the 
spleen in patients with hereditary 
spherocytosis. Some of the cells with 
greatly increased thickness manage to 
escane from the spleen and these cells 
are thought to be relatively susceptible 
to destruction by the wear and tear of 
the circulation®. 

Crisis. Patients with hereditary 
spherocytosis are subject to periodic 
exacerbations of acute hemolysis and 
prostrations in which the rate of red 
cell destruction goes up very rapidly. 
All symptoms including jaundice and 
anemia mav be transiently aggravated. 

Dameshek and Bloom" on the basis 
of their observations conclude that 
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the crisis in this disease is due to the 
combination of: 

1) a marked exaggeration of the 
usual hemolytic mechanism with 

2) arrested maturation of red cells 
in the bone marrow induced by a 
pathologically hyperactive spleen. 

The maturation arrest of the nu- 
cleated red cells is at the most primitive 
or erythrogone level. The spleen, 
primarily a passive organ which re- 
moves spherocytes selectively, at times 
becomes unusually active, thus leading 
to both phagocytosis and to hyper- 
splenic inhibition upon the marrow. 

Owren’s*! observation, later given 
support by Battle’s? studies, is that 
the crisis begins quite suddenly with 
a rise in temperature. The fever lasts 
about 10 days and returns to normal at 
the same time as the recovery of the 
blood picture begins. Jaundice de- 
creases with the development of the 
anemia. The size of the spleen re- 
mains unchanged during the course 
of the crisis. The anemia phase is 
characterized by the following find- 
ings: the hemoglobin and red cell count 
fall rapidly and in about 6 days are 
reduced to about half of the original 
value. The color of the serum becomes 
normal again, and the reticulocytes dis- 
anpear completelv from the verivheral 
blood. Granulocytopenia and thrombo- 
cytopenia accompany the anemia. The 
bone marrow reveals almost complete 
aplasia of the erythropoietic tissue. 
Bone marrow erythropoiesis heralds 
the first sign of recovery. Leukocytosis 
and the rise in platelets may be 
marked. The reticulocytes in the peri- 
pheral blood may rise up to 30%, and 
the blood picture makes a quick return 
to normal. 

SPLENECTOMY. Splenectomy is 
promptly and permanently beneficial. 
If the diagnosis is correct, the excessive 
blood destruction and blood formation 
are quickly arrested, the red cell and 
reticulocyte counts return to -normal 
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or nearly so, the icterus disappears, 
crises no longer occur and the spherocy- 
tosis and increased osmotic and me- 
chanical fragility tend partially to sub- 
side®®, 

Once the existence of active hemoly- 
sis is established in a child, little is ac- 
complished by delaying surgery. With 
most active cases the splenectomy will 
have to be done at some future time 
anyway. The earlier surgery is done 
the earlier will an appreciable physio- 
logic burden be removed. Splenectomy 
may forestall a cholecystectomy in 
adult life. Paradoxically enough, the 
defect resides not in the spleen but in 
the blood. 

Mediterranean Disease. Mediterra- 
nean anemia is an unusual disease in 
that it is confined to one portion of 
the world, namely, the Mediterra- 
nean area. Not only is it confined to 
the population living along the Medi- 
terranean littoral and their descendants 
but actually to the northern shore. 
Only a few authentic cases have ever 
been described from the African coast 
and those from Egypt!*. Most of the 
patients come from Greece, Sicily and 
the southernmost provinces of Italy, 
such as Apulia, Calabria, Lucania and 
Campania. Lately, authentic cases have 
been described among persons of non- 
Mediterranean origin. It has been 
recognized among the Chinese', Amer- 
ican Indian**, Negro*® and those of 
Indian®, German*', Filipino*® and Tur- 
kish*® ancestry. 

A variety of names have been pro- 
posed for this condition ranging from 
erythroblastic anemia, through Medi- 
terranean anemia, target oval cell syn- 
drome to thalassemia. The Committee 
for the Clarification of the Nomencla- 
ture of Cells and Diseases of the Blood 
and Bloodforming Organs'™ recom- 
mended “hereditary leptocytosis with 
hvpochromic microcytic anemia” for 
the active disease and added “with 
trait” for the carrier state. However, in 
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spite of the undesirability of an 
eponym, the severe form of this condi- 
tion will probably always be known 
as Cooley’s anemia. 

PATHOGENESIS. The etiology is ob- 
scure. The morphologic and hematol- 
ogic changes seem best explainable in 
terms of an anomalous inability of the 
red cells to come into possession of a 
normal complement of hemoglobin as 
they mature within the bone marrow. 
Nuclear maturation seems greatly 
hampered but not dysplastic. The hemo- 
globin in the cytoplasm seems to be 
deposited tardily and in greatly dimin- 
ished amounts®®, 

Erythrocyte survival studies indicate 
the existence of a mild hemolytic com- 
ponent due to an intracorpuscular de- 
fect. Blood destruction is not much 
accelerated above normal. Smith®® has 
reported the occurrence of cholelithia- 
sis in two cases of severe Mediterranean 
anemia. Two patients being followed 
in the anemia clinic of the Children’s 
Hospital of Philadelphia have both had 
their gallbladders removed because of 
the formation of pigment stones. Smith 
and his associates®! found that the iron- 
binding component of the serum in the 
severe form of Mediterranean anemia 
instead of being approximately one- 
third saturated with iron, as occurs nor- 
mally. is fully saturated with iron. In 
this disease, therefore, serum iron com- 
prises all the iron bound to the metal- 
combining protein. An identical state 
is less consistently found in the asymp- 
tomatic and mild forms of the disease. 

Iron-containing and iron-free pig- 
ment granules accumulate in great 
numbers throughout the body, es- 


pecially in the cells of the liver, 
stomach, pancreas, salivary glands, 
adrenals, thyroid, parathyroid, and 


pituitary. There is no evidence for an 
unrestricted absorption of iron as oc- 
curs in hemachromatosis, in which 
similar accumulations develop as a con- 
sequence of a defect in the gastroin- 
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testinal mucosa. The few balance 
studies which have been done in here- 
ditary leptocytosis have not shown as 
excessive absorption of iron from the 
intestine. In acquired hemolytic anemia 
and similar hemolytic disturbances the 
hemosiderotic deposits from excessive 
blood destruction tend to be localized 
primarily in the cells of the reticuloen- 
dothelial system, whereas in hereditary 
leptocytosis the cells of this system in 
the spleen and liver contain but little 
pigment®®. 

Tue Carrier STATE. Whereas the 
severe form occurs in approximately 
one out of every 2400 Italian people**, 
the mild form occurs in 4% of the Ital- 
ian population. With the discovery 
within the last decade of the carrier 
state, Mediterranean anemia has es- 
caped the bounds of pediatrics and in- 
vaded the realm of adult medicine. The 
more than 5 million persons in the 
United States of Mediterranean origin 
make this an extremely prevalent con- 
dition. 

Diagnosis of the mild form depends 
on the evaluation of data derived from 
a variety of sources*®: 

1. Patients are usually of Mediterra- 
nean origin, principally Greek and 
Italian. 

2. Patients are asymptomatic, mildly 
anemic or without anemia. 

8. Blood smear and blood count 
show hypochromic macrocytes, baso- 
philic stippling, oval and target cells, 
polycythemia. 

4. Morphologic changes in erythro- 
evtes are far in excess of the degree 
of anemia. 

5. Resistance of the red cells to 
hemolysis in hypotonic solutions of 
sodium chloride is increased. 

6. Iron or other forms of antianemia 
therapy fail to restore normal blood 
levels. 

7. The trait may be detected in par- 
ents and siblings. 
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GeNeETIC BeHavior. The importance 
of the mild or carrier state lies in its 
method of genetic transmission. Valen- 
tine and Neel*®>.53 have shown that for 
the severe form to occur, both the 
father and mother must have the mild 
form—that is, there must be homozy- 
gosity for the inherited factor. Hetero- 
zygosity results in the mild or carrier 
state. Because of the method of genetic 
transmission this is a disease in which 
the severe form conceivably could be 
eliminated over a period of a few gene- 
rations by the application of sound 
eugenic principles. If all persons of 
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Mediterranean origin would have a 
peripheral blood smear examined and 
a fragility test done, carriers would be 
detected. Then proper eugenic advice 
could be given to young couples when 
one or both are found to carry the 
trait. This is doubly important because 
of the highly unsuccessful status of 
present day therapy. Few survive the 
first decade of life and fewer still the 
second decade. It is only by setting up 
clinics for the detection of the carrier 
state that this large reservoir of mild 
cases which transmits and perpetuates 
the disease can be kept under control. 
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THE state of pregnancy is one of 
amazing physiological changes in the 
maternal organism, all designed to de- 
velop, protect and nurture the fetus 
which is to be born at the termination 
of the period. During this time, changes 
occur in the uterus, ovaries, breasts, en- 
docrine glands, abdominal wall and or- 
gans contained within it. Venous en- 
gorgement of varying degrees occurs in 
the pelvis and lower extremities, and yet 
all these changes are capable of com- 
plete reversal at the end of the gesta- 
tion period. Occasionally, there occur 
pathologic changes, fortunately rare, 
which threaten the integrity of the 
mother or fetus, or both. Some of these 
complications are of such nature that 
they might occur without the preg- 
nancy existing, and some are peculiar 
to the state of gestation. Some are due 
to the pressure and space changes 
which occur in the maternal organism. 
All have very serious potentialities. It 
is the purpose of this paper to present 
a review of the abdominal surgical 
complications occurring during preg- 
nancy, and to attempt to point out the 
advances made in the treatment of 
these problems. 

Considering the frequency of preg- 
nancy, very little has been written on 
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this subject. The complications herein 
discussed, therefore, are fortunately 
very uncommon. They are, however, 
exceedingly important in the individu- 
al case in which a surgical complica- 
tion is present, and one must not be 
lulled into a false sense of security by 
the knowledge of the fact that these 
complications are seen in a very small 
number of gestations. It must be re- 
membered that symptoms which are 
considered within the normal range 
during the period may mask the real 
and serious underlying cause. It is im- 
portant to evaluate histories and com- 
plaints on their individual merits, and 
not be taken with the thought that the 
complaints represent the usual train of 
symptoms seen during pregnancy. 
Serious consideration must be given 
in each case to minor changes of symp- 
toms, particularly referable to the 
gastrointestinal tract and abdomen. It 
is generally felt that rapid strides may 
be made in the treatment of complica- 
tions if they are seen early, diagnosed 
early, and treated early and properly. 
We are interested in these instances in 
salvaging two lives, if possible, and 
certainly, at least, in saving the life of 
the mother or fetus. There is, there- 
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fore, a double responsibility present in 
these cases. 

A review of the literature reveals 
that acute appendicitis is the most 
common and perhaps the most im- 
portant surgical offender during preg- 
nancy. Other surgical complications 
which have been encountered are in- 
testinal obstruction, cholelithiasis and 
cholecystitis, extragenital hemorrhage, 
pancreatitis, cancer, hernia, blood dys- 
crasias and many others. Each com- 
plication will be discussed in an at- 
tempt to correlate the known facts in 
each instance so that a better and more 
universal knowledge of the diagnosis 
and treatment might come of this sub- 
ject. 

Acute Appenpicitis. This disease is 
a very serious condition which has 
been very adequately controlled by the 
development on the part of all physi- 
cians of a high index of suspicion which 
has made early diagnosis and prompt 
surgical treatment of the lesion an ac- 
complished fact under most circum- 
stances. When acute appendicitis 
complicates pregnancy, however, it is 
exceedingly important to recognize 
the fact that the life of both the mother 
and the fetus is endangered. The first 
case report of acute appendicitis com- 
plicating pregnancy was published in 
1894 by Munde. It is felt by most au- 
thors writing on the subject that the 
incidence of appendicitis is no greater 
or less than in the non-pregnant state. 
There is apparently an equal distribu- 
tion in each of the three trimesters of 
pregnancy, but appendicitis does not 
become a problem peculiar to preg- 
nancy until the second and third tri- 
mesters are attained. This is due to 
the fact that the enlarging uterus after 
the first trimester tends to displace 
the other abdominal organs upward 
and causes a constantly changing po- 
sition of the cecum and appendix. 
This makes the important sign of tend- 
erness over McBurney’s point very 
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variable and inconsistent. The normal 
walling-off processes which occur in 
response to intraperitoneal insult are 
slow to develop, or cannot operate at 
all due to the constantly changing po- 
sition of the viscera. 

Any or all of the classical symptoms 
and signs of appendicitis may be pres- 
ent. But, it is well to remember that 
in pregnancy the symptoms and signs 
may be masked or altered. This is true 
also of the laboratory findings. After 
the 12th week, the upward displace- 
ment of the cecum and appendix be- 
gins. After the 26th week, the appendix 
and the cecum become true abdominal 
organs in location. Thus the pain, 
tenderness, rebound tenderness and . 
muscular rigidity may extend upward 
progressively and into the right flank. 
The range of the white count is from 
8,000 to 31,000 which closely approxi- 
mates the so-called physiologic leuko- 
cytosis of pregnancy. The range of the 
polymorphonuclear leukocytes follows 
rather closely. Warfield** has noted 
that an acceleration of the pulse rate 
disproportionate to the fever, white 
count and symptoms may be helpful in 
strengthening the presumptive diag- 
nosis of acute appendicitis. A history 
of previous attack is frequent in preg- 
nancy and may be helpful in the diag- 
nosis of the disease. 

The differential diagnosis of acute 
appendicitis varies with the stage of 
the pregnancy. During the first tri- 
mester, it is necessary to exclude ectopic 
pregnancy, salpingitis, abortion, ovar- 
ian tumors and cysts, kidney or ure- 
teral stones. The problem is quite simi- 
lar to that encountered in the non- 
pregnant woman. In addition, it is 
necessary to exclude nephritis and pye- 
lonephritis, gallbladder disease, intesti- 
nal obstruction, peptic ulcer, mesen- 
teric adenitis and thrombi, and car- 
buncle of the right kidney in the second 
trimester. The diagnosis becomes in- 
creasingly more difficult as the preg- 
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nancy progresses, however, because of 
the steady upward displacement of the 
uterus. During the third trimester, the 
diagnosis becomes even more difficult 
because of the large size of the uterus 
and the great displacement of the ce- 
cum and appendix upward and to the 
right flank. There are also the 4 major 
complications of pregnancy occurring 


in the last trimester that must be 
differentiated from acute appendi- 
citis. These are premature labor, 


placenta praevia, abruptio placentae, 
and eclampsia. 

Concerning the diagnosis, Warfield 
points out that two important concepts 
must be kept in mind. The first is that 
the mortality of acute appendicitis is 
the mortality of delay in treatment, and 
the second is that if appendicitis goes 
on to rupture, it will be followed by 
diffuse spreading peritonitis with little 
or no tendency to localize or form an 
abscess. Hoffman and Suzucki'® report 
an overall fetal mortality of 17.4% in 
acute appendicitis. When the disease 
is confined to the appendix the mor- 
tality of the fetus is 7.2%. When the dis- 
ease has spread beyond the confines of 
the appendix, the fetal mortality is 
33.3%. The overall maternal mortality 
in their series -of 22 cases was 4.5%. 
Since many pregnant patients com- 
plain of nausea, vomiting and various 
grades of abdominal discomfort, it is 
necessary to examine them for these 
complaints, and properly to evaluate 
them with a high index of suspicion 
because of the marked increase in fetal 
mortality and maternal morbidity if 
delay occurs. 

The treatment of acute appendicitis 
is always surgical regardless of the 
stage of the pregnancy. Procrastination 
is never warranted if appendicitis can- 
not be ruled out after careful differ- 
ential diagnostic consideration. Mc- 
Carty?® states that occasionally a nor- 
mal appendix will be removed, but 
mothers do not die, nor are babies lost 
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as a result of a careful and uncompli- 
cated laparotomy. It is claimed by 
some authors that recurrent attacks of 
appendicitis should be treated by ap- 
pendectomy if at all possible before 
the third trimester in order to avoid 
the grave potentialities of the disease 
at that time. During the operation, it is 
necessary to maintain a high oxygen 
tension and a patent airway at all 
times. A gridiron type incision placed 
directly over the point of maximum 
tenderness is recommended to avoid 
trauma and to keep soiling of the peri- 
toneum to a minimum. Another great 
advantage of this type of approach is 
that the strength of the abdominal wall 
is better preserved. Drainage should be 
placed only for frank abscesses, for it 
is very difficult to provide adequate 
drainage of the entire peritoneal cavity 
in the case of diffuse peritonitis. 

Postoperative care is as after any 
appendectomy. Early ambulation is 
advised, and some authors recommend 
the use of progesterone as a prophyl- 
lactic measure against miscarriage or 
abortion, although this concept in 
management is by no means generally 
accepted. Enemas and cathartics are 
used sparingly, if at all, and gastroin- 
testinal suction is usually reserved for 
those cases which are complicated by 
rupture and peritonitis to prevent or 
to relieve distention. In the latter case 
it is very important to watch the blood 
electrolytes closely, for acidosis with 
its attendant high fetal mortality may 
occur very quickly. Hypokaliemia and 
anemia must be prevented if possible, 
and treated promptly in the event that 
they occur. 

There can be no doubt that the pro- 
gress that has been made in this dis- 
ease is due to a more vigorous attitude 
on the part of all who see these pa- 
tients conscientiously to rule out ap- 
pendicitis if possible, and if not able 
to do so, to recommend laparotomy as 
early in the course of the disease as 
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possible. It is certainly not too much 
to expect that the mortality to both 
mother and fetus should approach 
zero. 

INTESTINAL OsstrrucTion. The _ re- 
ported incidence of obstruction of the 
bowel occurring during pregnancy 
varies from 1 in 7000 to 1 in 68,000 
pregnancies”. The common causes of 
this grave complication are intraperi- 
toneal adhesions and bands, volvulus, 
congenital defects in the mesentery or 
broad ligament, carcinoma of the large 
bowel, intussusception, and so-called 
pregnancy ileus. Obstruction due to 
hernia is surprisingly uncommon. Elia- 
son and Erb" reported an overall mor- 
tality rate of 46.5% in 175 collected 
cases in 1937. While there is every 
reason to believe that this figure should 
be much less at the present time, it is 
probably still alarmingly high. 

Intraperitoneal bands and adhesions 
are by far the most common cause of 
obstruction of the bowel during preg- 
nancy and the puerperium. Marked 
alterations of intraperitoneal relation- 
ships occur during pregnancy at three 
main periods. The first is between the 
fourth and fifth months when the 
uterus is no longer a pelvic organ, the 
second is at the eighth to ninth month 
when the head descends into the pel- 
vis, and the third period is during de- 
livery and the puerperium at which 
time the uterus rapidly approaches its 
normal size and position. At these 
times, bands and adhesions which were 
normally harmless and lax, can become 
tense and act as an obstructing me- 
dium, usually by a bow-string mech- 
anism. An interesting case of this 
variety was seen on the service of Dr. 
Frank B. Block in 1945, which has not 
been reported. This patient had had 
an appendectomy about one year be- 
fore becoming pregnant. She had an 
uneventful gestation and delivery, but 
during the first several days postpar- 
tum she complained of vague abdomi- 
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nal discomfort, anorexia, and progres- 
sive abdominal distention. She was 
seen in surgical consultation on the 
fourth day postpartum at which time 
the pulse was moderately rapid, the 
temperature normal, and the abdomen 
distended in the lower half. Pelvic 
tenderness was moderately severe, and 
she was originally thought to have 
parametritis with secondary _ ileus. 
Survey films of the abdomen were 
equivocal, but the possibility of intes- 
tinal obstruction was entertained, and 
an exploratory laparotomy was _per- 
formed. At operation about 1000 cc. of 
fecal material was found in the pelvis 
and aspirated. A loop of gangrenous 
terminal ileum was found to be caught 
between two strong adhesive bands . 
which ran between the under surface 
of the old McBurney incision and the 
right cornu of the uterus. The apex 
of the strangulated loop had _ perfor- 
ated and the closed loop had dis- 
charged its contents into the pelvis. 
It was thought that the mechanism in- 
volved was a bow-string action of the 
two bands about the loop of ileum, 
while the uterus had contracted down 
to discharge the placenta. It was neces- 
sary to resect the terminal ileum, and 
perform side-to-side _ileotransverse 
colostomy. After a very stormy course, 
the patient recovered. Decompression 
was maintained with a Miller-Abbott 
tbe, and blood, plasma, and penicillin 
were given liberally. 

Pregnancy ileus is the term used to 
designate obturation produced by the 
pressure of the descending fetal head 
against the walls of the pelvis and 
thereby exerting external pressure 
against the pelvic sigmoid colon. For- 
tunately this type of obstruction oc- 
curs at or near term, and is usually 
completely relieved by delivery of 
the baby. 

Cancer of the large bowel is a very 
infrequent cause of intestinal obstruc- 
tion in pregnancy. Schlemenson, Rubo- 
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vits and Abrams** report 70 cases found 
in the literature as of January, 1950. 
The majority of the patients were in 
the fourth decade of life. The symp- 
toms are mainly those of colonic. can- 
cer, but the diagnosis is frequently de- 
layed until the third trimester of preg- 
nancy because the earlier symptoms 
are attributed to the pregnancy. 

Intestinal obstruction in pregnancy 
carries with it the onus of being a very 
serious threat to the life of both the 
mother and the fetus. Delay in diag- 
nosis is the most serious threat to life. 
It is due to the confusion of the symp- 
toms with factors operating more or 
less normally in pregnancy and pro- 
ducing a somewhat similar picture. 
Constipation, nausea and vomiting 
are commonly seen in pregnancy, and 
abdominal distention is sometimes 
very difficult to distinguish. Pyelitis of 
pregnancy is the most commonly mis- 
taken diagnosis?. Of the 9 cases re- 
ported by Bellingham, Mackey and 
Winston”, 7 had had previous appen- 
dectomy, and 5 of the 9 had opera- 
tions on the uterus or uterine append- 
ages. In only one case was there no 
previous operation. An equal distribu- 
tion throughout the 3 periods of preg- 
nancy has been noted. Common to all 
cases were the symptoms of continuous 
abdominal pain of a colicky nature and 
vomiting. The pain was frequently con- 
fused with uterine contractions. 

The treatment of intestinal obstruc- 
tion during pregnancy should be ag- 
gressive as in obstruction of the bowel 
not complicated by pregnancy. It is 
believed by most authors that intesti- 
nal intubation is necessarv in all cases. 
In those cases in which there is a cer- 
tainty of the absence of closed loop or 
strangulation tvpe obstruction, the tube 
may be sufficient to overcome the ob- 
structing factor and the patient may 
be safely carried to term without 
operative intervention. In any case, 
however, where there is doubt of the 
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integrity of the involved bowel, or 
where a closed loop is suspected, or 
where prompt decompression is not ob- 
tained by means of the tube, it is bet- 
ter to explore the patient. In early 
pregnancy the uterus presents no prob- 
lem. In the last trimester, however, the 
large uterus may present a real prob- 
lem in the correction of the situation, 
and one should be prepared to evac- 
uate the uterus if necessary by caesar- 
ian section. This may be required to 
salvage a viable fetus, and also to 
adequately expose the site of the lesion. 
Of course the postoperative course 
will present the problems usually inci- 
dent to the disease and the need for 
Huids, suction, and electrolyte and 
blood volume replacement must be 
considered as in every patient with 
intestinal obstruction. 

The outlook today should be much 
better than the figures of Eliason and 
Erb in 1937, but the prognosis is al- 
ways guarded. An increased aware- 
ness of this possible complication of 
pregnancy will help materially in low- 
ering mortality, and since adhesions 
and bands are so frequently the cause 
of the trouble, the pregnant woman 
with a scar on her abdomen must al- 
ways be considered a candidate for in- 
testinal obstruction and taken seriously 
in evaluating her complaints. The ileum 
is the most frequently involved por- 
tion of bowel. Gangrene may occur 
early in the ileum, and because resec- 
tion increases the mortality and mor- 
bidity greatly, early diagnosis is es- 
sential to the better management of 
these cases. In the greater majority of 
cases reported there has been no need 
to interfere with the pregnancy except 
close to term, and fetal salvage has 
been good. 

GALLBLADDER DisEase. It is a well 
established fact that pregnancy has 
some role in the etiology of gallstones. 
Over 85% of women who have chole- 
lithiasis have been pregnant at least 
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once, and many date their first symp- 
toms to a given pregnancy**. ‘These 
complaints frequently occur in the 
latter half of gestation, and consist of 
epigastric pains, fat intolerance, bloat- 
ing and flatulence. Nausea and vomit- 
ing may also occur. Simple uncompli- 
cated cholelithiasis is no particular 
problem if the symptoms are not very 
severe. It is recommended that the pa- 
tient with diagnosed gallstones be care- 
fully watched and evaluated frequently 
during her pregnancy because of the 
great possibility of misinterpretation of 
symptoms during pregnancy*!. Medi- 
cal therapy can usually be carried out 
successfully in pregnancy, but if the 
patient suffers from repeated attacks 
of severe colic, or if an attack of acute 
cholecystitis supervenes, surgery may 
be necessary. The danger of empyema 
and perforation from gangrene of the 
gallbladder wall is just as great during 
gestation as in the non-pregnant state. 


It is our personal feeling that these. 


cases must be individualized, and 
watched and re-evaluated at least every 
6 hours during the acute attack. In 
the event that the attack seems to be 
subsiding, it is thought desirable to al- 
low it to completely subside, and to 
follow the patient closely until after 
delivery. At any time thereafter, it 
would seem wise to advise chole- 
cystectomy. In the event, however, 
that the attack appears to be remain- 
ing static or progressing in severity, 
operation should be advised as soon 
as the fluid requirements of the patient 
have been satisfied. In the uncompli- 
cated case of cholecystitis without 
peritonitis the risk of operation is no 
greater in pregnancy”*. Cholecystec- 
tomy is the procedure of choice. There 
should be no hesitancy in performing 
a cholecystostomy where the risk of 
operation is gre*ter because of con- 
tamination or difficulty in identifying 
anatomical structures. It is far better 
to have a live patient with a gall- 
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bladder that is still diseased post- 
operatively than a dead patient or one 
with stenosed or otherwise damaged 
biliary ducts due to poor exposure of 
the operative area. 

OTHER DISEASES OF THE BILIARY 
Tract. Chesterman’® has given an ex- 
cellent review of the subject of chole- 
dochal cysts, and reported one case of 
his own. About 150 cases had been 
reported up to the time of his report, 
14 of which were associated with preg- 
nancy or the puerperium. Symptoms 
are usually present for about 10 years 
before the diagnosis is made. This 
disease is looked upon by many as a 
congenital lesion or anomaly. The 
cyst is usually found in the supra- 
duodenal portion of the common bile 
duct. Three characteristic signs of the 
disease are tumor, jaundice, and pain. 
The tumor is primarily situated under 
the right costal margin, but it may ex- 
tend into the pelvis where it has been 
mistaken for pregnancy. It is cystic in 
nature, and often dates from child- 
hood. The jaundice may be inter- 
mittent or continuous, and may vary 
from slight to deep. Pain is frequently 
present in the hepatic area, and varies 
from intermittent discomfort to severe 
biliary colic. Lassitude is common, 
and dyspepsia is characteristically ab- 
sent. The disease is almost invariably 
fatal in most untreated cases. Of the 
14 cases associated with pregnancy re- 
ported in the literature, 8 had onset of 
symptoms or exacerbations during 
pregnancy, 4 developed symptoms 
during the puerperium, and 2 had 
complete remission during the period 
of gestation. Five cases presented 
symptoms during the second to fourth 
months, and it is felt safer to operate 
at once at this time if the condition of 
the patient is deteriorating rather than 
wait until after confinement in hope of 
relief. The remaining 3 cases occurred 
in the seventh and eighth months, and 
all were mistaken for eclampsia. Labor 


700 


was induced in 2, with absolutely 
no relief in one, and with relief of 
jaundice but aggravation of other 
symptoms in the other case. The third 
went to term, and the tumor was not 
noticed until after delivery of the 
fetus. Delivery, incidentally, did not 
produce amelioration of the symptoms. 
Diagnosis is helped by demonstration 
of obstructive type jaundice, and by 
the characteristic radiograph which 
shows in all these cases a typical dis- 
placement of the stomach and duo- 
denum downward and to the left, and 
the transverse colon downward and 
the liver upward. Treatment early in 
pregnancy should be surgical, while 
the uterus is still no problem in pre- 
venting exposure of the area. Near 
term, however, Chesterman advises 
conservatism if possible, as access to 
the region is very difficult due to the 
enlarged uterus. The diagnosis and 
treatment near term will usually be 
that of acute cholecystitis as the cyst 
is all but impossible to palpate. Fol- 
lowing recovery from the confinement 
period, operation should. be advised. 
Chesterman recommends anastomosis 
of the cyst to the duodenum. His 
patient was operated upon in her 
twentieth week, and recovered un- 
eventfully from the operation, and 
later had a normal delivery and a 
living baby at term. There are 2 cases 
reported in which further pregnancy 
occurred after operation with no 
further symptoms. 

Acute pancreatitis may occur dur- 
ing pregnancy, and has been reported 
in 62 patients. The disease occurred 
most often during the first pregnancy, 
but was seen even in the eighth on 
one occasion. An outstanding char- 
acteristic of the disease was the liabil- 
ity of the patient to an attack during 
the puerperium. This occurred in 73% 
of the patients. Biliary calculi were 
found in only 12 of 34 cases examined. 
In these reported cases out of 38 cases 
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operated upon, 27 recovered, and 8 
died, and in 3 the results are unknown. 
One of the patients who recovered 
from operation subsequently died of 
diabetes. Langmade and Edmondson** 
report 9 personal cases. They em- 
phasize several very important points. 
Three cases were seen in the first 
trimester, at which time the differ- 
entiation from hyperemesis gravidarum 
was very difficult. Two of these cases 
recovered with conservative therapy, 
and went on to term. The third patient 
was evacuated in her tenth week but 
she died. Autopsy revealed acute 
hemorrhagic pancreatitis. Three cases 
were seen in the second trimester. The 
first was a primipara who delivered pre- 
maturely. Postpartum she developed 
a large pseudocyst of the pancreas in 
the upper left quadrant of the abdo- 
men from which 6000 cc. of fluid were 
evacuated. The patient recovered after 
the prolonged drainage ceased. The 
second patient developed epigastric 
pains during her sixth month. She was 
delivered of a stillborn child at term, 
and one month postpartum suffered 
severe epigastric pains and vomiting 
with radiation of the pain through to 
the back and under both shoulders. 
She recovered in one week under a 
conservative regimen. The third pa- 
tient entered the hospital at 54 months 
with nausea and vomiting and severe 
constant epigastric and right upper 
quadrant pain. She recovered from 
this attack on conservative therapy, 
but returned to the hospital 4 times 
with acute pancreatitis before delivery 
of a normal baby. Her postpartum 
course was uneventful. Three cases 
were first seen in the third trimester 
but presented no special problems. 
Langmade and Edmondson*‘ noted 
that the first symptom is usually pain, 
followed by nausea and vomiting. The 
pain frequently originates in the epi- 
gastrium or right upper quadrant and 
radiates to the back. The pain is sharp 
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and intermittent. Flank tenderness re- 
sults from retroperitoneal spread and 


may produce ecchymosis (Cullen’s 
sign). Sudden epigastric pain may 


simulate coronary occlusion, and even 
the electrocardiogram may be confus- 
ing until the serum amylase is re- 
ported. Recurrent attacks are fre- 
quent, and no conclusions could be 
drawn regarding fetal mortality by 
them. The diagnosis depends on the 
serum amylase and lipase determina- 
tions. Treatment should be conserva- 
tive, unless complications arise requir- 
ing surgical intervention. Continuous 
gastric or gastrointestinal suction 
should be used to diminish the amount 
of pancreatic secretion reaching the 
bowel. Atropine is given liberally to 
paralyze the vagi and reduce pan- 
creatic secretion. Intravenous fluids 
are given as needed for hydration and 
to replace lost electrolytes, particularly 
potassium, calcium, sodium, and chlo- 
rides. Blood and plasma are given as 
indicated. After recovery from the 
acute attack, a gallbladder type diet is 
prescribed in an effort to prevent re- 
currence. 

Cassel and Malewitz® believe that 
acute pancreatitis occurs much more 
frequently in pregnancy than reported 
or suspected, and believe that if more 
amylase and lipase studies were per- 
formed on patients who complain of 
epigastric distress and nausea and 
vomiting during pregnancy, the inci- 
dence would be much higher than is 
reported. 

MISCELLANEOUS SuRGICAL COMPLI- 
cations. Regional ileitis has been re- 
ported on several occasions. Weir, 
Beams and Gibson*® reported a patient 
who developed moderately severe 
symptoms of crampy abdominal pains, 
diarrhea and lassitude in her sixth 
month. She was successfully treated 
by conservative means until her 38th 
week when an exacerbation of symp- 
toms occurred. A living baby was de- 
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livered prematurely by caesarian sec- 
tion without exploration of the abdo- 
men. Five weeks postpartum the pa- 
tient was explored because of continued 
severe symptoms. Raffensperger** re- 
ported a case of regional ileitis which 
occurred prior to and became much 
worse immediately following the be- 
ginning of pregnancy. An exclusion 
operation was performed with a side 
to side anastomosis which was fol- 
lowed by a remission of symptoms. 
Twins were spontaneously delivered 
at 7 months, but 2 weeks postpartum 
the patient developed crampy lower 
abdominal pains and fever, and subse- 
quently a full blown exacerbation of 
the ileitis. Raffensperger suggests that 
pregnancy may exert a deleterious 
effect on regional ileitis. 

Chronic ulcerative colitis, on the 
other hand, is reported to have no 
ill effects on pregnancy, and to be un- 
affected in any adverse way by super- 
imposed pregnancy”. 

Blood dyscrasias classified as hyper- 
splenism syndromes have been re- 
ported by Barnes and Doan! and by 
McElin, Mussey, and Watkins?® and 
by other authors. The latter group 
reported 5 cases in which splenectomy 
was performed, on 83 occasions for 
congenital hemolytic anemia, and on 
one for thrombocytopenic purpura, 
and the other for “infectious splen- 
omegaly”. They conclude that the prog- 
nosis is excellent for both mother and 
fetus if operation is performed for 
thrombocytopenic purpura and con- 
genital hemolytic anemia if the preg- 
nancy carries through to term. In 
splenic anemia or Banti’s syndrome 
the outlook is not nearly so favorable, 
carrying with it a 50% mortality rate. 
They agree with Barnes and Doan 
that the indications for splenectomy in 
pregnancy are similar to those in the 
non-pregnant state and that operation 
should be performed when critical 
hematologic indications are present. 
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Barnes and Doan are even more 
emphatic. ‘lhey state that the hem- 
orrhagic state represents a _ greater 


hazard than the operation irrespective 
of the trimester, and that true conser- 
vatism indicates a correction of the 
hematologic disorder as soon as_ the 
diagnosis is made and the patient 
properly prepared. They believe that 
splenectomy should not precipitate 
labor if done properly, and when 
handling of intra-abdominal structures 
is careful and gentle. 

Chalmers’ reports a case of rupture 
of splenic artery aneurysm. In his dis- 
cussion of the disease, he emphasizes 
the necessity of making the diagnosis 
of the aneurysm before rupture occurs. 
Aneurysm of the splenic artery may be 
suspected in cases of familial hem- 
orrhagic telangiectasis, or where there 
is a family history of congenital 
aneurysm. The disease may be com- 
pletely symptom free, but vague dys- 
pepsia, epigastric pain, vomiting, an- 
orexia and anemia are frequently pres- 
ent. Occasionally a tumor will be pal- 
pable over which an audible thrill or 
murmur is present in the left hypo- 
chondrium. Rupture may occur in 2 
stages: Primary rupture into the retro- 
peritoneal space or lesser peritoneal 
sac, which is not incompatible with 
temporary recovery; but sooner or 
later secondary rupture will produce 
death if operation is not immediately 
undertaken. In certain cases, convul- 
sions have been seen, which confuse 
this disease with late toxemia of preg- 
nancy. The ideal management of this 
condition is surgical, with removal of 
the spleen before rupture, if at all 
possible. If the pregnancy has gone 
more than 4 months, the uterus should 
be evacuated first to facilitate the ap- 
proach to the bleeding vessel.. The 
fetus need not be considered as it is 
almost invariably dead when the 
patient is first seen. Chalmers recom- 
mends that the splenic artery be ap- 
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proached through the gastrocolic liga- 
ment. Digital compression of the 
splenic artery may help to control 
bleeding while the clot is evacuated 
and the bleeding point is identified. 
Ligation of the splenic artery with or 
without splenectomy is recommended, 
but it would seem that splenectomy 
would facilitate the procedure and in- 
sure better results. The prognosis is 
very serious because of the difficulty 
in making the diagnosis early enough, 
and because death can occur following 
the secondary hemorrhage with start- 
ling rapidity. Out of 15 cases reported 
in the literature, only 2 have survived. 
Ogden*! believes that there may be a 
correlation between this type of hem- 
orrhage and toxemia of pregnancy. 

It has been rather widely accepted 
that pregnancy exerts a very benefi- 
cial effect on peptic ulcer. This has 
been attributed to the physiologic 
atony and hypochlorhydria present 
during pregnancy. James!, however, 
reports a perforation of a peptic ulcer 
in the 36th week of gestation. Bern- 
stine and Friedman® reported 3 cases 
of severe upper gastrointestinal hem- 
orrhage from peptic ulcer with marked 
aggravation of symptoms following 
the use of progesterone for threatened 
abortion. Carangelo and Efstation’ re- 
ported 4 cases of massive gastric hem- 
orrhage, 3 of whom presented the 
eclamptic syndrome of hypertension, 
edema, convulsions, oliguria and al- 
buminuria. In all 4 patients the onset 
of labor occurred 24 to 28 hours fol- 
lowing onset of the projectile hemate- 
mesis. Three of the 4 patients died. 
Bralow, Scheinberg, and Necheles® 
conclude after their report of 4 patients 
with severe bleeding peptic ulcer that 
obstetricians should not feel safe be- 
cause of the reported rarity of the co- 
existence of peptic ulcer and preg- 
nancy. All cases of persistent heart- 
burn, epigastric distress and other gas- 
trointestinal symptoms should be care- 
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fully investigated. They believe that 
the number of ulcers reported might 
increase sharply if cases are investi- 
gated more fully instead of attributing 
the symptoms to pregnancy. They warn 
that peptic ulcer may produce serious 
complications during and shortly after 
pregnancy. 

Carcinoma of the stomach compli- 
cating pregnancy has been reported 
nearly 100 times®‘. Gastric ulcer fre- 
quently is the forerunner of the dis- 
ease. Treatment in the early stages 
of pregnancy is controversial, since 
the mortality rate is appalling to both 
mother and fetus. In the last trimester, 
caesarian section and gastrectomy are 
recommended. 

Diaphragmatic hernia is not a rare 
complication of pregnancy. Many be- 
lieve that hiatal dilatation is one of 
the causes of heartburn during preg- 
nancy. Incarceration or strangulation 
of hiatus hernia is fortunately rare, but 
the few instances reported have indi- 
cated a high incidence of tragedy. 
Bourgeois and Hood‘ report that hem- 
atemesis and melena are the most 
important symptoms. Most cases of 
survival have occurred after evacua- 
tion of the uterus and the consequent 
reduction of the intra-abdominal pres- 
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sure. In most cases the hernia will un- 
dergo spontaneous reduction after de- 
livery. 

Summary and Conclusions. In this 
review, an attempt has been made to 
demonstrate some of the abdominal 
general surgical complications which 
may occur during the state of preg- 
nancy. It is thought that with the 
knowledge of the grave potentialities 
of these complications and of the pos- 
sibility of their development during 
gestation that more serious considera- 
tion will be given to the frequent ab- 
dominal and gastrointestinal com- 
plaints offered by these patients. The 
high morbidity and mortality assoc- 
iated with the late diagnosis of these | 
complications indicates that perhaps 
the patient is too often advised by 
*phone to “go to bed and take a seda- 
tive, and report after 24 hours if the 
pain is still there or if bleeding oc- 
curs.” The symptoms of abdominal 
pain and persistent gastrointestinal 
complaints in pregnancy demand as 
much attention and respect as in the 
nonpregnant patient, and it is thought 
that only by careful evaluation of all 
symptoms and prompt attention to 
their treatment will the desired results 
be attained. 
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BOOK REVIEWS AND NOTICES 


THE ALKALOIDS: CHEMISTRY AND PHYSIOLOGY. 
Volume ITI. Edited by R. H. F. MANskE and 
H. L. Houtmes. Pp. 587. New York: Aca- 
demic Press Inc., 1952. Price, $14.50. 


Tus book is the second in a series of vol- 
umes dealing with the alkaloids. Volume II is 
a comprehensive treatise prepared by an in- 
ternational group of experts and dealing with 
the chemistry and physiology—with emphasis 
on chemistry. Included are chapters dealing 
with the morphine alkaloids, sinomenine, col- 
chicine, alkaloids of the amaryllidaceae, ac- 
ridine alkaloids, the indole alkaloids, the ery- 
thrina alkaloids, and the strychnose alkaloids. 
The book is well annotated and contains 
many references as well as comprehensive 
tables of physical constants. While the classi- 
fication of alkaloids is not traditional, the or- 
ganization of discussion matter is excellent 
and the thoroughness with which each topic 
is presented makes this a book which will be 
a valuable addition to research and reference 


libraries. j.S. 


Dynamic Psycutatry. Basic Principles, Vol- 
ume I. By Lours S. Lonpon, M.D. Pp. 98. 
New York: Corinthian Publications, Inc., 
1952. Price, $2.00. 

Tuis is a monograph dealing with what the 
author considers to be the basic principles of 
psychiatry. It is devoted mainly to (1) the 
meaning of the dream and (2) the develop- 
ment of the libido. He includes the theories 
of many writers on the nature of libido and 
adds his own. The book is intended for the 
reader who is interested in theory rather than 
clinical application of theory to psychiatric 
problems. 


WEGE DER ERZIEHUNGSHILFE. By Dr. LEON- 
HARD Serr, Founder of the Erziehungsbera- 
tungstelle (educational advisory locale) in 
Munich. 2nd ed., revised and enlarged. Pp. 
284. Munich: J. F. Lehmanns Verlag, 1952. 
Price, not given. 

Tuts is the second edition of a work 
brought out by Seif (a “nerve doctor”, who 
has since died) and his collaborators in 1940. 
This edition has been revised by Dr. Lena 
Credner. It contains a new chapter by Seif on 
“das Musterkind” (model—in a rather dero- 


gatory sense—child), and by Credner on “der 
Trotz” (stubborn or obstinate child). 

The locale was founded in 1922. He ap- 
pears to have had a number of loyal and con- 
scientious collaborators, many of whom have 
contributed to this volume. The methods em- 
ployed are set forth, as well as the case re- 
ports scattered throughout the book. It seems 
that the locale does about the work of the 
Child Guidance Clinics of Anglo-Saxon lands 
—Credner believes that Seif may have given 
the impetus to the founding of such clinics. 
What appears to be an important difference, 
however, is the fact that the Seif locale has 
as one of its tasks the training of pedagogues 
in the recognition of behavior disorders in 
children. We realize that this difference is 
important. We realize that pedagogues have 
heavy demands on their time both when they 
are training and when they obtain employ- 
ment as teachers. But that training in the 
aberrations of childhood is important has, we 
believe, not been duly stressed in this coun- 
try; that it would give thought to a field of 
(psychiatric) psychology that the average 
teacher is unfamiliar with, and that better ob- 
servation of the mental quirks of their pupils 
would tend, to some degree at least, to give 
rise to prophylaxis and perhaps treatment of 
mental disorders in the children. M. M. 


THE ScaALtp IN HEALTH AND DIsEASE. By 
Howarp T. BEHRMAN, M.D., Assistant 
Clinical Professor of Dermatology, New York 
University Post-Graduate Medical School. 
Pp. 566; 312 ills. St. Louis: C. V. Mosby, 
1952. Price, $12.75. 


Tuts new American treatise on the scalp 
represents what may become, for all inter- 
ested persons, the standard text of study of 
the diseases of this part of the body. It is 
encyclopedic in scope and fully illustrated by 
312 appropriate, well reproduced pictures. It 
is probably the only book with an up-to-date 
full discussion of the fundamental aspects of 
anatomy and physiology of the hair, its en- 
docrinology, anthropology and embryology. It 
also presents material on alopecia, the seborr- 
heic diathesis, infections, psychogenic scalp 
disorders, scalp involvement from skin dis- 
eases, scalp involvement due to systemic dis- 
eases, and new growths. There is in addition 
a twelve-page formulary. In general, the vari- 
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ous subjects are adequately discussed and 
there are but few omissions. One of these is 
the failure of the reviewer to find data on the 
rate of hair growth, either in the text or in 
the index. H. B. 


DyNAMIC PSYCHIATRY. 'TRANSVESTISM—DE- 
SIRE FOR CRIPPLED WOMEN, Volume 2. By 
Louts S. Lonpon, M.D. Pp. 129, 51 ills. New 
York: Corinthian Publications, Inc., 1952. 
Price, $2.50. 

Tis is a monograph dealing with the 
extraordinary fantasy life of a man whose 
erotic emotional life centered around women 
who were crippled or deformed in some way. 
Fifty-one of the patient’s drawings of such 
women are reproduced and described by him. 

There are three chapters: (1) anthropo- 
logical material; (2) biographical material 
of the patient; (3) dealing with the analysis 
of the case by the author. O. E. 


CLINICAL APPLICATIONS OF RECREATIONAL 
THERAPY. By EISELE Davis, M.A., 
Se.D., The Veterans Administration, Wash- 
ington. D. C. Pp. 126; 21 ills. Springfield, 
Ill.: Charles C Thomas, 1952. Price, $3.75. 
Tuis is a monograph discussing the con- 

cepts of recreation in its relationships to 

mental health. Recreation the author regards 
as a medical adjunct, as being more than 
an entertainment phenomenon. He regards 
perfection of recreational techniques com- 
bined with clinical experience as the con- 
struction of a definite therapeutic tool. Play 
and recreation become a language useful not 
only in treatment but in diagnosis and prog- 
nosis as well. The busy physician will note 
with approval that the author has covered 

46 different facets of the recreational field 

in this small monograph but he has some- 

thing well condensed to say in each one. 

The illustrations are helpful and the book is 

definitely recommended, both to those al- 

ready using recreational therapy as well as 
those who are interested in beginning its 


use. O. E. 


THE THORACIC SURGERY PATIENT. By Lew A. 
HocuBerc, M.D., Clinical Professor of 
Thoracic Surgery, State University of New 
York, College of Medicine at New York 
City. Pp. 345. New York: Grune & Stratton, 
Inc., 1952. Price, $8.75. 


Tuis book is the result of the author’s 
quarter of a century of experience with the 
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thoracic surgical patient with contributions 
by four other thoracic surgeons. an anes- 
thetist and a director of physical medicine. 
It is concerned with the pre- and _post- 
operative care of such patients rather than 
with surgical techniques. A large portion of 
the book is devoted to a detailed discussion 
of the pathologic physiology of thoracic dis- 
ease, the measurement of respiratory func- 
tion, changes in cardiac function and the im- 
portance of the proper type and administra- 
tion of anesthesia during thoracic surgical 
procedures. There is a rather general dis- 
cussion of iniuries to the chest, lesions of 
the chest wall, empyema, the indications for 
collapse therapy and pulmonary resection, 
surgery of the esophagus, and cardiovascular 
surgery. The chapter on rehabilitation of the 
thoracic surgerv patients is well done and 
includes svecific descriptions for corrective 
exercises for scoliosis and kyphosis; exer- 
cises for strengthening the shoulder girdle 
muscles and abdominal muscles; and breath- 
ing exercises. One drawback of the book is 
that although the bibliography is compre- 
hensive, there are no specific references to it 
within the text. 


PsycHIATRIE By Pror. Dr. Kurt 
SCHNEIDER, University of Heidelberg. Po. 
31. Stuttgart: Georg Thieme Verlag, 1952. 
Price, DM 2.85. 


A lecture (with some auxiliary remarks) 
delivered by the author on the subject of 
psychiatry today. It treats not of the practice 
of psychiatry. but of psychiatry from the 
standpoint of science. Psychiatry is defined 
as the science of the mentally abnormal, and 
of somatic and psychical causes of this (so 
far as these are known). The author views 
the subject as metavhysical in the sense of 
Nicolai Hartmann. It rests on the two col- 
umns of somatology and psychopathology. 

He classifies the mentally abnormal as 1) 
The mere varieties or sports of the normal 
(for example, oligophrenia, personality dis- 
orders, psychopathic states, and indeed other 
varieties. 2) Concomitants of somatic . dis- 
ease. 3) The endogenous psychoses. Indeed, 
each psvchiatrist has his own answer to the 
thesis “Psychiatry today”. 

Much is made of the fact that mental af- 
fection is not a “sickness” in the true sense 
of the term. However, the author suggests 
that mental trouble may be a sickness or 
deviation of the soul or mind (revresenting 
form) rather than of the material body. It 
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seems to us that this view is truly meta- 
physical. Probably the idea that cybernetics 
and modern physics may explain certain 
mental phenomena has not as yet penetrated 
into Germany. M. M. 


NEUROSURGERY: AN HIsTORICAL SKETCH. By 
Grtpert Horrax, M.D., Sc.D., Chief of 
Neurosurgery, The Lahey Clinic. Pp. 135; 
41 ills. Springfield, Illinois: Charles C 
Thomas, 1952. Price, $3.75. 


THE evolution of neurosurgery operations 
from the primitive procedures of the Neo- 
lithic period and Egyptian era through mod- 
ern times is a study which is fascinating to 
anthropologists. physicians and laymen. 

Dr. Horrax’s long association with Harvey 
Cushing, his own contributions and his in- 
terest in the development of neurosurgery 
as a specialty, have given him an unusual 
opportunity to evaluate the truly important 
advances in this field. 

This book was not intended as a research 
tome yet one is amazed by its completeness— 
here one will find the accomplishments of 
such outstanding neurosurgeons as Mace- 
wen, Horsley. Foerster, Cushing, Frazier, 
Dandy as well as many others living today. 

This small monograph is well printed, easy 
to read, replete with illustrations and will 
be welcomed by those interested in this sub- 


ject. M.S. 

RorRsSCHACH RESPONSES: DEVELOP- 
MENTAL TRENDS FROM Two TO TEN YEARS. 
By Louise Bates Ames, Ph.D., JANET 


LEARNED, M.D., RurH W. MEeErTRAvx, M.A.., 

and RicHarp N. WALKER, M.A. Pp. 310; 7 

ills. New York: Paul B. Hoeber, Inc., 1952. 

Price, $7.50. 

Tue authors have carefully analvzed data 
from 650 Rorschach records of children and 
have shown characteristic normative pat- 
terns of behavior which change from age 
to age. The characteristics typical of each 
age level as revealed on the Rorschach are 
consistent with the picture which has been 
obtained using other developmental meas- 
ures. It is a valuable contribution in offering 
systematic norms for children’s perceptual 
development and it will serve as an aid in 
recognizing deviations from the normal per- 
ceptual process at these young ages. How- 
ever, three-quarters of the children in the 
study have above average intelligence, and 
the norms would have been more useful if 
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the study had been based on an average 
population. Nevertheless, the information ob- 
tained will shed light on the degree of the 
child’s emotional adjustment and of his de- 
velopmenta! status. The records obtained in- 
dicate that the Rorschach does not signif- 
icantly reveal individual personality dynamics 
before the age of six. O.E. 


URINE AND THE URINARY SEDIMENT. By 
RicHarp W. LrppMan, M.D., Research As- 
sociate, Cedars of Lebanon Hospital, Los 
Angeles. Pp. 124; 61 ills. Springfield, TIL: 
Charles C Thomas, 1952. Price, $7.50. 


Tuts is an excellent monograph on the 
clinical examination of urine. There is pre- 
sented a thorough, but concise discussion of 
the significance of proteinuria and of the 
various elements of the urinary sediment. The 
value of the manual is enhanced by the wide 
variety of color photographs with which are 
illustrated the different formed elements and 
the usual clinical associations of urinary ab- 
normalities. In addition, the methods for 
systematic, quantitative urine analysis are de- 
scribed in detail. The author has succeeded 
in his aim to provide a practical guide for 
the examination of urine and gives manv 
helpful suggestions for the interpretation of 
findings. The book is recommended both to 
clinicians and their laboratory personnel. 

cz 


Doctors DirFer. Five Stupres CONTRAST. 

By Hartey Pp. 239: 5. ills. 
Springfield, Ill.: C. C Thomas, 1952. Price, 
£5.50. 

Tus latest production is no credit to a 
very capable author, nor is its title well 
chosen. Of the five “studies in contrast”, the 
first and longest, John Elliotson, does not 
furnish anv real contrast, the nearest to such 
being brief references to Mesmer, James 
Braid and others. Of the other four, whose 
names apnear on the title page, Hugh Owen 
Thomas is contrasted with his father, bone- 
setter Evan, and his magnetic nephew. Sir 
Robert Tones; Tames Mackenzie, a rugged 
individualist with a consuming desire to for- 
ward study of the heart by new methods. is 
contrasted with the cosmopolitan, scholarly 
Osler: William Macewen with Lister and 
Horslev: Robert William Philip with Tru- 
deau. The book closes with an Epilogue 
wherein the five are imaginatively pictured 
as Tulp’s spectators in Rembrandt’s Lesson 
in Anatomy. 


in 
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This Reviewer, charmed by the author’s 
similarly conceived The Healing Touch, (see 
Am. J. Med. Sci., 223, p. 467, April, 1952) 
became increasingly disappointed the further 
he read in the present volume. In the Mac- 
kenzie-Osler contrast, the only pair whom the 
Reviewer knew personally, a wrong general 
impression was produced, and occasional fac- 
tual errors were to be found. The obvious 
preference that the author exhibits for “the 
beloved physician” makes one wonder how 
much the balance has been weighed in the 
other cases by his personal reactions. The 
book, too, shows signs of having been hastily 
thrown together; the British copyright state- 
ment is that of Jonathan Cape, Ltd., 1946. 
Let us hope that no such fault will be found 
in Between Life and Death, a similar vol- 
ume on William Hunter and others, now in 
preparation by the same author. E. K. 


THE CONTRIBUTIONS OF Harry STACK SuL- 
LIVAN. A Symposium. Edited by Patrick 
MuLuany. Pp. 238. New York: Hermitage 
House, 1952. Price, $3.50. 

THis is a symposium on_ interpersonal 
theory in psychiatry and social science by 
students and colleagues of the late Dr. Harry 
Stack Sullivan. Dr. Sullivan was an original 
and stimulating thinker and teacher, and all 
who came into contact with him felt the 
effect of his unique ability to observe the 
dynamics of interpersonal relationships and 
impart these observations to others. One sec- 
tion of the book is devoted to Sullivan’s con- 
ceptions, another to Sullivan as a Clinical 
Psychiatrist, and the third to Sullivan’s im- 
pact upon the social sciences through his 
lecturing and writing. The students of psy- 
chiatry and the social sciences should not 
fail to know Sullivan the man, and his work 
as portrayed in this book by so many people 
who knew him well and understood his work. 

O.E. 


THE APOLOGIE AND TREATISE OF AMBROISE 
PARE. CONTAINING THE VOYAGES MADE INTO 
Drvers PLACES wITH MANY oF His Writ- 
INGS UPON SuRGERY. Edited and with an 
Introduction by Grorrrey Keynes, M.D., 
Emer. Surgeon, St. Bartholomews Hospital. 
Pp. 227; 27 ills. Chicago: Univ. of Chicago 
Press, 1952. Price, $3.50. 

NOTWITHSTANDING the much that has been 
published about Paré, as is to be expected 
for the greatest surgeon of his age, this lat- 
est edition with its 14-page Introduction fills 
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a useful niche in works in English on Paré. 
In comparison with the earlier volumes of 
Stephen Paget, Francis Packard and Dorothy 
Singer, to all of whom Keynes expresses deep 
indebtedness, the present edition not only 
reprints the Johnson translation of the 
Apologie and Voyages, (that is virtually an 
autobiography covering 50 years); but also 
presents in the same contemporary English, 
selections from his writings on surgical opera- 
tions, aneurysm, hernia, wounds, mumia (not 
necessarily from mummies), amputations and 
ligatures, cataract, lithotomy, bezoars, and 
how to make reports. This last is largely con- 
cerned with forensic autopsies. None of the 
three works mentioned above, which are out- 
of-print anyhow, contain all these texts. 
This volume strongly supports the Editor’s 
opinion that Paré’s greatest contribution— 
above his introduction of use of the ligature 
in amputations, his avoidance of boiling oil 
in the treatment of gunshot wounds, his use 
of podalic version—was the influence of his 
personality, independent mind and achieve- 
ments in emancipating surgery from the dead 
hand of dogma. To the humility of a great 
man (“I dressed him, God cured him”) 
there is frequent counterpoise in the scorn 
shown for “le petit maitre” throughout the 
Apologie, which was written to answer this 
physician’s attack. The Apology and the 
Voyages are full of exciting incidents, viv- 
idly described, so that they do indeed give 
an excellent picture of a stirring period. It 
is easy to see that even those who read this 
book for pleasure only will find it more at- 
tractive than the stories they submit to on the 
radio or television. 


OsLER. THE MAN AND THE LEGEND. By W. 
R. Betr. Po. 125; 4 ills. London: Wm. 
Heinemann, 1951. Price, 15 sh. 


THE spate of books about Osler still con- 
tinues, we are glad to say, especially when, 
as in the present instance, the approach is 
from a novel point of view. The author, one 
of the founders of the Osler Club of London, 
is one of the many who have loved Osler 
these many years without having known him 
personally, such was the surpassing charm of 
the man who has become legendary in many 
respects in the short span of one generation. 
Avoiding the chronological approach, the au- 
thor has portrayed his hero in some 14 
chapters each concentrated on a different 
aspect such as The Peripatetic, Typhoid Fe- 
ver, Osler Eponyms, the Bibliophile, and so on. 
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The author’s quaint style, not inappropri- 
ate in an essay on Osler, by the way, will 
please some readers and irritate others, de- 
pending on the individual. Most all will agree 
however, that the booklet is useful as well as 
entertaining and may even help them to at- 
tain the three ideals that Osler once pro- 
fessed publicly: to be concerned with the 
work of the day itself; to act the Golden 
Rule toward his colleagues and patients; and 
to cultivate enough equanimity to bear suc- 
cess with humility, affection without pride, 
and to meet sorrow with the courage be- 
fitting a man. E. K. 


Inyury: TRANSACTIONS OF THE FIRst 
CONFERENCE, JUNE 4, 5, 1951. Edited by 
M. IRENE FERRER, Department of Medicine, 
College of Physicians and Surgeons, Co- 
lumbia University. Pp. 248; 89 illustrations, 
two in color. New York: Josiah Macy, Jr. 
Foundation, 1952. Price, $3.25. 

Tuts valuable book contains sections on 
(a) Animal Studies, (b) Homeokinesis, (c) 
Hypothermia and (d) Acclimatization. The 
topics are presented by well-qualified investi- 
gators and are followed by informal dis- 
cussion among workers actively engaged in 
the field of cold injury. There is a wealth 
of information offered in a highly readable 
manner, much of it unobtainable elsewhere. 
Included among the discussors are repre- 
sentatives of the Armed Forces Medical 
Services, who have had considerable first 
hand contact with the clinical problems of 
frostbite. The numerous illustrations and 
excellent index enhance the value of the 
presentations. The high caliber of other Macy 
Foundation Conference Transactions is main- 


tained. N. L. 


PROGRESS IN BIOPHYSICS AND BIOPHYSICAL 
Cuemistry. Edited by J. A. V. Bur er, 
Chester Beatty Research Institute, Royal 
Cancer Hospital, London, and J. T. Ran- 
DALL, Wheatstone Professor of Physics in 
the University of London at King’s College. 
Volume II. Pp. 323; 117 ills. London and 
New York: Academic Press, Inc., Pergamon 
Press Ltd., 1951. Price, $8.00. 


Tuts book represents the two fields of phy- 
sics applied to molecular studies, and of phy- 
sical methods and instruments to understand- 
ing of living structures. The reviews are in- 
teresting, readable, and authoritative. The 
book does, as the authors set out to do, pro- 
vide one with a general survey of recent work 


709 


and ideas. This publication is one of a series 
which will appear from time to time and thus 
provide a more complete coverage of bio- 
physics. Ten authorities comprise the con- 
tributors to this volume. Subjects included 
are: birefringence of cytoplasm and cell 
membranes, biophysical aspects of polysac- 
charide structure in plants, physicochemical 
properties of nucleic acids, physical principles 
underlying the clinical use of radioactive 
isotopes, biophysical aspects of nervous func- 
tion, quantum physics of vision: theoretical 
discussion, electron microscopy of developing 
bacteriophage and other viruses, biological 
actions of ionizing radiations. Pictures and 
charts are excellent. M. O. 


MAN on His Nature. By Srr CHARLES SHER- 
RINGTON, O.M. 2nd ed., entirely revised and 
reset. Pp. 300; 11 ills. New York: Cambridge 
University Press American Branch, 1951. 
Price, $6.00. 

Tus second edition of Sherrington’s book 
presents an expression of a biologist’s philos- 
ovhy, and a tale of the knowledge and 
wonder upon which he founds it. The highest 
achievement of this nhilosophy is WONDER, 
and, while the reader is marvelling at the 
accounts presented (for example, that of the 
development of the eye), he cannot but be 
disappointed that a higher plane of worship 
could not have been reached. If he has been a 
reader of Lecomte du Noiiy, the disappoint- 
ment will be intensified by a comparison of 
the two. T.D: 


TRANSACTIONS OF THE CONFERENCE ON MIN- 
ISTRY AND MEDICINE IN HUMAN RELATION- 
sHips. New York Academy of Medicine, 
1951. Pp. 75. Copies available on request to 
Iago Galdston, M.D., Secretary, 2 East 
103rd St., New York 29, New York. 


Tue purpose of this conference, attended 
by clergy, physicians and laymen, was to 
facilitate understanding between minister and 
physician that they might “join hands to re- 
lease from the fetters of bodily sickness, emo- 
tional conflict, and spiritual doubt, the poten- 
tialities for health, good human relations and 
spiritual power which are the normal heritage 
of all mankind.” The transactions indicate a 
very healthy initial trend in this direction, 
and lend support to the hope that a growing 
bond between the two professions may be 
expected in the future, with great benefit 
to humanity. There must be no attempt “to 
separate the function of minister and physi- 
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cian into distinct entities but rather to empha- 
size and specify the overlapping nature of 
their activities and thus to build for team- 
work between them.” All physicians will profit 
by reading the transactions of this confer- 
ence, and it is to be sincerely hoped that 
future conferences of this type will be held, 
and that they will further extend the ad- 
vances made at the initial meeting. T.D. 


GASTROINTESTINAL X-Ray Dtacnosis. By 

Max Rirvo, M.D., Assistant Professor of 
Radiology, Harvard Medical School; Direc- 
tor, Department of Radiology, Boston City 
Hospital; and I. A. SHAUFFER, M.D., In- 
structor in Radiology, Harvard Medical 
School; Instructor in Radiology, Tufts Medi- 
cal School; Visiting Radiologist, Boston City 
Hospital. Pp. 838; 470 ills. Philadelphia: 
Lea & Febiger, 1952. Price, $20.00. 


THE recency of this work concerning the 
Roentgen diagnosis of disorders of the gastro- 
intestinal tract from the pharynx to the rectum 
is attested by the amount of space devoted 
to the post-operative appearance of the eso- 
phagus, stomach, intestine and biliary system. 
Though there is necessarily condensation of 
material in order to cover so large a subject 
as the gastrointestinal tract, there is, never- 
theless, a good discussion of the physiology 
and pathology of the various diseases, as well 
as of the roentgen findings. The illustrations 
are, for the most part, clear and the style of 
writing easy. A good list of references is 
included at the end of each chapter. 

While this book can benefit surgeons and 
internists, as well as radiologists, nothing can 
supplant the knowledge gained from long, 
actual experience in gastrointestinal Roent- 
gen diagnosis, nor is this book so intended. 


J. M. 


RueEuMatic Diseases. Edited by H. 
Stocums, M.D., Chairman, Committee on 
Publications, American Rheumatism Associa- 
tion. Pp. 449; 126 ills. Philadelphia: W. B. 
Saunders Co., 1952. Price, $12.00. 


Tuts volume is a condensed report of papers 
delivered by 195 authors during the proceed- 
ings of the Seventh International Congress on 
Rheumatic Diseases held in New York in 
1949. The contributors from all over the 
world have presented clinical and investiga- 
tive facts from a variety of viewpoints. The 
material presents an excellent epitome of 
knowledge regarding the rheumatic diseases 


as of 1949, and is a useful source of reference. 
There is a good subject and author index. 


BIOCHEMICAL PREPARATIONS, VOLUME 2. 
Editor-in-Chief, Erntc G. Batu. Pp. 109; 2 
ills. New York: John Wiley & Sons, 1952. 
Price, $3.00. 


Tuts small book maintains the high stand- 
ards found in Volume I and in Organic Syn- 
theses to which it is similar in make-up. 

It was a happy thought to include refer- 
ences to compounds of biochemical interest 
which have appeared in Organic Syntheses. 
The preparations which are reported include 
those of biosynthetic materials such as C14 
uniformly labeled sucrose and cytochrome c, 
and of compounds synthesized by chemical 
procedures such as glucose-6-phosphate and 
phosphoryl-enolpyruvic acid. Preparations of 
amino acids and peptides are described. It 
is interesting to note that the preparation 
of a crystalline seed globulin from cucurbit 
seed has been included to replace that of 
edestin described by T. B. Osborne in 1892. 

D. W. 


THE ToxeMIAS OF PREGNANCY. By WILLIAM 
J. Drmecxmann, M.D., Prof. and Chairman, 
Department of Obstetrics and Gynecology, 
The University of Chicago. 2nd ed. Pp. 687; 
85 ills. including 1 color plate. St. Louis: 
C. V. Mosby Company, 1952. Price, $14.50. 

Tuts monograph includes not only a dis- 
cussion of the toxemias of pregnancy but a 
comprehensive review of the physiologic and 
chemical changes accompanying normal preg- 
nancy. The material is based upon an ex- 
tensive review of the literature, the personal 
investigations of the author and his own ex- 
perience in the clinical management of preg- 
nancy disorders. 

The book is divided into 6 sections which 
take up in detail 1) History, Incidence and 
Pathology; 2) Normal and Abnormal Preg- 
nancy Physiology; 3) Etiology of Eclampsia; 
4) Clinical Aspects of Pregnancy Toxemias; 
5) Treatment and 6) Prognosis. Much of the 
material on preeclampsia-eclampsia is of a 
controversial nature but an attempt has been 
made to eliminate that which has been proven 
to be illogical or false. Various treatment 
methods are described and the author’s man- 
agement is discussed in detail. In addition 
to preeclampsia-eclampsia, nephritis and hy- 
pertensive disease in the pregnant woman are 
considered. As is true of any subject of such 
a controversial nature the author’s personal 


i 
i 
| 
] 
| 
| 
| 
| 
| 
j 
ve 


BOOK REVIEWS AND NOTICES 


ideas may be at odds with those of others 
expressed in the literature. This, however, 
cannot detract from the value of his own 
studies and methods of therapy. 

This volume should be of interest to any 
physician who deals with pregnant women. 
For those whose interests center in research it 
offers an extensive bibliography and a review 
of what has been done, for the practicing 
obstetrician it offers methods of proven ef- 
fectiveness for the treatment of toxemias and 
for the internist a review of normal as well 
as abnormal physiologic and chemical changes 
with which he should be familiar in order 
to interpret symptoms and signs elicited in 
the examination of pregnant women. J. W. 


THE STORY OF THE ADAPTATION SYNDROME. 
By Hans Setye, M.D., Pu.D. (Prague), 
D.Sc. (McGill), F.R.S. (Canada), Professor 
and Director of Medicine and Surgery at 
Univ. of Montreal. Pp. 225; 42 ills. Mon- 
treal, Canada: Acta, Inc., 1952. Price, $4.50. 
In this booklet the author has compiled his 
lectures on the adaptation syndrome. It is 
informally presented and makes interesting 
reading. It is of most interest to general prac- 
titioners and physicians who would like to 
gain a working understanding of this new 
and important approach to medicine. W. P. 


My Ficutr To CONQUER MULTIPLE SCLEROSIS. 

By Hinton D. Jonez, M.D., Medical Di- 
rector, St. Joseph Hospital, Tacoma, Wash. 
Pp. 227. New York: Julian Messner, Inc., 
1952. Price, $3.50. 

Tuts volume, My Fight to Conquer Mul- 
tiple Sclerosis, by Hinton D. Jonez, M.D., 
as told to Miriam Zeller Gross, is written for 
lay consumption. It seems to be a bid for 
patients, and not within the bounds of ac- 
cepted professional ethics. The central theme 
of the book is that the only hope for the 
multiple sclerotic is histamine. Of course, 
other forms of therapy are mentioned, in- 
cluding physical therapy, physiotherapy, oc- 
cupational therapy and so on, but the use 
of histamine is stressed unduly, on the con- 
cept of the allergic etiology of the disease. 
Yet it is well known that the cause of this 
disease has not been discovered, and, the 
author to the contrary notwithstanding, no 
form of treatment can be claimed to be satis- 
factory, except perhaps in individual cases. 
The book will give false hope to many, and 
will, as did a previous article, result in pa- 
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tients borrowing money to enable them to 
travel across the country for the histamine 
treatment which, of course, can be obtained 
anywhere. The book is not recommended. 


S.G. 


SyYNopPsis OF GENITOURINARY DISEASES. By 
Austin I. Dopson, M.D., F.A.C.S., Prof. of 
Genitourinary Surgery, Medical College of 
Virginia and DoNnaALp L. GrLBert, M.D., In- 
structor in Urology, Medical College of Vir- 
ginia. 5th ed. Pp. 313; 122 ills. St. Louis: 
C. V. Mosby Co., 1952. Price, $4.00. 


Drs. Dodson and Gilbert have contributed 
an excellent outline of urology presented in 
a clear and simplified manner, which makes 
this book especially suited to the needs of 
medical students being introduced to the field. 
Selection of illustrations has been particularly 
apt, many of them being redrawn from and 
credited to standard textbooks in urology. 

Proponents of well rounded urology, em- 
bracing all aspects of the specialty, might 
criticise the authors for the brevity of the 
section on infertility and omission of discus- 
sion of adrenal tumors and their endocrin- 
ology. K. C. 


TExT-Book OF OPHTHALMOLOGY, VOLUME 5. 
THE OcuLar ADNEXA. By Sm STEWART 
DukE-Evper, K.C.V.O., M.A., LL.D., D.Sc. 
(St. And.), Pa.D. (London), M.D., F.R.C.S., 
Hon. D.Sc. ( Northwestern), D.M. ( Utrecht), 
F.R.C.S. (Edin.), F.A.C.S., Surgeon Oculist 
to H.M. The King; Knight of Grace, Order 
of St. John; Consulting Ophthalmic Surgeon 
to the British Army and the Royal Air Force; 
Fellow, University College, London; Director 
of Research, Institute of Ophthalmology, 
University of London; Honorary Consulting 
Surgeon, Moorfields Westminster and Cen- 
tral Eye Hospital; Ophthalmic Surgeon, St. 
George’s Hospital, London. Pp. 1082; 1181 
ills., 32 in color. St. Louis: C. V. Mosby Co., 
1952. Price, $22.50. 


Tue fifth volume, of Duke-Elder’s textbook 
of ophthalmology treats of disease of the 
ocular adnexa, namely, the lids, lacrimal ap- 
paratus, and the orbit. 

This volume maintains the same superb 
standard set by the previous four. No text- 
book on ophthalmology in the English lan- 
guage approaches it in thoroughness and re- 
liability. The bibliography which is reviewed 
is enormous, and the author has the genius 
for evaluating the material reported in the 
literature. 
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Anyone wishing to consult an authoritative 
text on any subject in ophthalmology would 
have to refer to this textbook in order to 
obtain the latest and most complete infor- 
mation. F.A. 


THE YEAR Boox or NEUROLOGY AND PsyCHIA- 

TRY FOR 1951. By RoLanp P. Mackay, M.D., 
Prof. of Neurology, University of Illinois, 
and Noxtan D. C. Lewis, M.D., Prof. of 
Psychiatry, Columbia University. Pp. 534; 
109 ills. Chicago: Year Book Publishers, 
1952. Price, $5.50. 


Tue Robert Lewis neurology is, as always, 
a must for the busy practioner in either of 
these fields. Unfortunately, the third section, 
usually contained, has been omitted this year 
because of the lack of time, on the part of 
Dr. Percival Bailey, in which to prepare the 
section on neurosurgery. Doctors Mackay and 
Lewis have attempted to cover articles of 
surgical interest in their respective discus- 
sions, but of course, this does not provide 
the surgical outlook. There are other books 
of a nature similar to this; that is, a yearly 
review of articles of greatest interest in the 
fields of neurology and psychiatry but in 
this reviewer's experience, this is the best 
both from the standpoint of completeness as 
well as cost. S.G. 


Bone Tumors. By Louis LICHTENSTEIN, 
M.D., Senior Pathologist, V.A. Center, Los 
Angeles. Pp. 310; 155 ills., St. Louis: C. V. 
Mosby Co., 1952. Price, $10.50. 


Mucu of this book is a composite of the 
material from published papers of Lichten- 
stein and of Jaffe and Lichtenstein and others 
dealing with the lesions of bone which are 
popularly classified as “tumors.” The work 
is completed by added material. The book is 
well written and considerably more concise 
than many of the papers which preceded it. 
For the latter the reader can be grateful 
since there is a tendency for repetition and 
verboseness in many of the individually pub- 
lished pieces. 

The author presents a classification which 
is reasonable and considerably simpler than 
most which are used in this field. He in- 
cludes giant cell tumor of bone among the 
fibrogenic tumors where this reviewer be- 
lieves it belongs. 

Doctor Lichtenstein is largely responsible 
for the segregation of the entities, “non- 
osteogenic fibroma, osteogenic fibroma and 
chondromyxoid fibroma.” Some have felt that 
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this is a matter of over-classification. When 
typical examples of these lesions are en- 
countered, however, this tendency seems 
justified. One might question their inclusion 
in a work on tumors, however, since they are 
self-limiting processes which hardly conform 
to the definition of neoplasm. 

H. L. Jaffe is frequently quoted throughout 
the book and his name is constantly present 
in the bibliographies. Since so much of this 
work was done in collaboration one cannot 
help but wonder why the book was not a 
joint authorship. Whatever the explanation, 
it is a convenient source in a very important 
and poorly understood field. I recommend 
it for every orthopedist, roentgenologist and 
pathologist. E. A. 


REPORT TO THE ECONOMIC AND SOCIAL Coun- 

ciL ON Statistics oF Narcotics For 1950 
AND THE WoRK OF THE BoarD In 1951. 
United Nations Publications, 1951, XL, 11. 
Pp. 39. New York: Columbia University 
Press (Distribution Agent in U.S.), 1952. 
Price, $.60. 


Tuts is a 68 page pamphlet with an in- 
troduction and 11 lengthy and detailed tables 
showing the relationship between narcotic 
drug manufacture and consumption in 125 
countries and territories of the world. Those 
informed on this problem will not be sur- 
prised to statistically learn that a great gap 
exists between narcotic drugs manufactured 
and those needed and employed for legiti- 
mate therapeutic purposes. The reluctance 
of some opium producing countries to co- 
operate with the Commission is an evidence 
of the part which such drugs have played 
and are playing in both the commerce and 
the morals of nations. This pamphlet is a 
distinct contribution to our understanding 
of the national and international angles of the 
narcotic problem. 


ADDENDUM TO THE REPORT TO THE ECONOMIC 
AND SociAL ON STATISTICS OF 
Narcotics For 1950 AND THE WoRK OF THE 
Boarp In 1951. United Nations Publications 
1951, XI, 11. Pp. 39. New York; Columbia 
University Press (Distribution Agent in 
U.S.), 1952. Price, $.80. 

Tuts book of 87 pages consists of an in- 
troduction and 24 pages of tables. In these 
very carefully prepared tables is found in- 
formation relative to the amounts of narcotic 
drugs available by import and manufacture 
to most of the countries and territories of the 
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world. In addition the amounts utilized and 
the balance on hand at the end of the year 
are set down. One is surprised to observe the 
rising use generally of methyl morphine (co- 
deine) and the still great consumption in 
not a few countries of diacetyl morphine 
(heroin), the manufacture of which is legally 
banned in the United States. A careful study 
of such trends as set forth in this pamphlet 
should be rewarding to those interested in 
the world as well as the local narcotic 
problem. J. 


EsTIMATED WoRLD REQUIREMENTS OF NAR- 
cotic Drucs 1n 1952. United Nations Publi- 
cations December, 1951, XI, 12. Pp. 64. 
New York: Columbia University Press (Dis- 
tribution Agent in U.S.), 1952. Price, $.60. 


Tuis is an estimate of 83 metropolitan 
countries and 78 territories as to the amount 
of narcotic drugs required for legitimate pur- 
poses in 1952. Only four counties produce 
cocoa leaves—Bolivia, Colombia, Indonesia 
and Peru. It is of interest to note that the 
bulk of crude opium originates in Turkey, 
India and Iran. From these countries, the 
United States imported in 1951, 324,666 kg. 
of opium. In this year, licit utilization ac- 
counted for 288,039 kg. In 1950, 19,797 kg. 
of morphine was manufactured, 89.9% of 
which was converted into methyl morphine. It 
is not surprising to note ever present differen- 
tials between import and manufacture and 
licit use. For the student of world affairs 
this pamphlet is highly interesting because 
it depicts fine. but sometimes futile effort of 
the convention on narcotic drugs to control 
illicit national use of these drugs. 1. DB. 


YEAR Book oF PATHOLOGY AND CLINICAL 
PatHoLocy 1951. Edited by Howarp T. 
Karsner and ARTHUR H. SANForD. Pp. 454; 
147 ills. Chicago: The Year Book Publish- 
ers, 1952. Price, $5.50. 

Tus most recent Year Book in Pathology is 
compiled by the same authors who for many 
years have edited the book. The manner of 
compilation and arrangement is much the 
same as that of former volumes. Most of the 
important papers concerned with pathology 
and clinical pathology in the American jour- 
nals and a considerable number from _ the 
foreign journals have been summarized. Most 
are compressed in from one-half to a single 
page but some special articles such as that 
on avian arteriosclerosis occupy nine to ten 
pages. A few tables and illustrations are in- 
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cluded where they are pertinent. The vol- 
ume is well indexed. E. A. 


Dynamic ASPECTS OF BIOCHEMISTRY. By 
ERNEsT BALDWIN, Pu.D., Professor of Bio- 
chemistry at University College in the Uni- 
versity of London, formerly Fellow of St. 
John’s College, Cambridge. 2nd ed. Pp. 542; 
88 ills., 37 tables, numerous reaction dia- 
grams. New York: Cambridge University 
Press, 1952. Price, $5.00. 


At the above price this excellent book is 
a “best buy” in biochemistry today. Two re- 
printings and translation into the Italian lan- 
guage bespeak the popularity of the first edi- 
tion. Changes in the present edition include 
a new chapter on biological energetics and 
the bringing up-to-date of enzyme systems 
related to metabolism. Such changes have 
justified a complete resetting of the text. The 
book is not intended for medical students 
(who can however comprehend it) but deals 
with the fundamental, dynamic biochemistry 
of living matter. R. H. 


METABOLIC METHODS. CLINICAL PROCEDURES 
IN THE STuDY OF METABOLIC FuNCTIONS. By 
C. Frank Conso.azio, Chief of Biochemis- 
try, U. S. Army Medical Nutrition Labora- 
tory, Chicago, Rospert E. JoHnson, M.D., 
D. Pum. (Oxford), Prof. and Head of Dept. 
of Physiology, Univ. of Ill, Urbana, and 
EvELYN Marek, M.A., Biochemist, U. S. 
Army Medical Nutrition Laboratory, Chica- 
go. Pp. 471; 64 ills. St. Louis: C. V. Mosby 
Co., 1951. Price, $6.75. 


THE authors set forth in detail the methods 
which have been useful to them during 15 
years of research on various aspects of mam- 
malian metabolism. Sections deal with the 
collection and storage of specimens, and de- 
scribe the instruments used in making the 
biochemical, microbiological, and physiologi- 
cal measurements which are presented in turn. 
The standard outline form followed for the 
presentation of each method is a desirable 
feature. Although 4 tables in the back of 
the book list average “normal values” for 
various components of the body, it is not 
clear whether these values were all derived 
with the methods described. In addition, the 
possible range of error inherent in certain 
of the methods is not indicated. These criti- 
cisms are relatively minor, however, and the 
manual is recommended to workers in clinical 
laboratories. C. Z. 
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THE CLINICALLY IMPORTANT REFLEXES. By 
FRIEDRICH WILHELM BroniscH, M.D., In- 
structor and Research Assistant, Psychiatric 
and Neurologic Clinic, University of Heidel- 
berg. lst American edition. Revised and en- 
larged by CLEMENS T. BENDA, M.D., Bos- 
ton, Mass. Pp. 88; 49 ills., most in 2 colors. 
New York: Grune & Stratton, 1952. Price, 
$4.75. 

IN this manual there have been collected 
the well known and some of the lesser known 
reflexes, and the most important of these have 
been illustrated in an extremely clear fash- 
ion. Proper technique in eliciting the reflexes 
is stressed, and the significance of the find- 
ings presented. Some of the _ theoretical 
background of reflexology is discussed, but 
experimental physiology has been omitted. 
Authentic references have been listed, and 
these should be of great value as guides to a 
more extensive study of the subject. The book 
is highly recommended to all physicians who 
are interested in improving their technique 
of central nervous system examination. 

T.D. 


VENTURE WITH IDEAS. By KENNETH WALKER, 
M.D. Pp. 212. New York: Pellegrini & 
Cudahy, 1952. Price, $3.25. 


Tue author is a British surgeon, talented 
not only in his chosen profession, but also 
in philosophy, religion and literature. This 
volume gives an account of association with 
Ouspensky, a devoted disciple of Gurdjieff, 
and, later, with Gurdjieff himself. He be- 
came convinced, during the years of these 
associations, that Gurdjieff was one of the 
most gifted philosopher-psychologists of 
modern times. Gurdjieffs teaching insisted 
particularly upon the premise that “men live 
in a state of sleep and that they are only at 
rare moments aware of themselves.” Since 
the world is inhabited by sleepwalkers, it is 
understandable that it is a “world of ab- 
surdities, of nations offering friendship and at 
the same time preparing for war, of people 
saying one thing and doing another, of walk- 
ing in circles, of paper plans, and of general 
chaos.” Freud was recognized as one who 
had “directed attention to levels of con- 
sciousness below the level at which we 
habitually live,” but “his chief error was his 
failure to realize that there might exist states 
of consciousness as far above the ordinary 
level as the subconscious was below it.” It is 
Dr. Walker’s hope that this book will help 
others to benefit, as he did, in striving to 
attain to the higher levels of consciousness 
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which are potentially available. For the phy- 

sician interested in esoteric knowledge this 

volume will prove to be of special interest. 
TD. 


ACCELERATED CONDUCTION. THE WOLFF- 
PARKINSON-WHITE SYNDROME AND RELATED 
ConpiTIons. By MyRON PRINZMETAL, M.D., 
REXFORD KENNAMER, M.D., Eviot Corpay, 
M.D., JoHn A. M.D., JosHua 
Fretps, M.D., and L. ALLEN SmitH, M.D. 
Pp. 110; 48 ills., 1 color plate. New York: 
Grune & Stratton, 1952. Price, $4.00. 


PRESENTED and interpreted in this fasci- 
nating volume are the results of a series of 
experimental investigations of the Wolff-Park- 
inson-White syndrome. An important conclu- 
sion of these investigations is that the ventric- 
ular aberration in this syndrome is not 
dependent upon the presence of anomalous 
anatomical A-V connections, but that the 
auricular impulses are transmitted to the ven- 
tricle in an abnormal manner by way of the 
normal conducting system. “The fundamental 
disorder appears to consist of a failure of a 
part of the A-V node to delay the auricular 
impulse for the normal period of time before 
allowing its passage to the ventricles.” “Ac- 
celerated conduction” is the term suggested 
to designate this physiologic disturbance, and 
it is demonstrated that it is responsible, not 
only for the well-known WPW syndrome, 
but for other clinical conditions as well, such 
as ventricular aberration with auricular arrhy- 
thmias, accelerated conduction due to reflex 
mechanisms (for example, from traction on 
the pulmonary artery), and that due to ia- 
volvement of the A-V node by posterior myo- 
cardial infarction. The evidence supporting 
these conclusions is clearly presented to- 
gether with excellent illustrations, and the 
volume is highly recommended to all cardiol- 
ogists and physiologists. T.D. 
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Handbook of Cardiology for Nurses. By 
WALTER MODELL, M.D. Foreword by EpNA 
L. Frirz, R. N. Pp. 246; 8 ills. New York: 
Springer Publishing Co., 1952. Price. $3.50. 


An excellent discussion of heart disease, and of 
the patient who has the heart disease, designed for 
student and graduate nurses to aid them in more 
effective cooperation in treatment. T.D 


World Health Organization Technical Revort 
Series No. 52. Expert Committee on Chol- 
era. First Report. Pp. 18. Geneva: World 
Health Organization, 1952. Price, $.15. 
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CANINE CRETIN Courtesy Lester R, 
Dragstedt, M. D., Chairman Dept. of 
Surgery, University of Chicago. 


HUMAN CRETIN Courtesy C. E. Benda, M. D., 
from Mongolism and Cretinism, New York, 
Grune & Stratton, Inc., 2nd ed., 1949. 


in every species 


Cretinism—in man or dog—is an ex- 
treme manifestation of a common de- 
ficiency, often undetected: hypothyroid- 
ism. Such clinical and subclinical states 
as hypothyroid obesity, menstrual dys- 
function, sterility, often respond dramat- 
ically to a daily ration of Proloid, the 
improved thyroid. 

Proloid provides a metabolism-stimu- 
lating effect virtually as smooth and 
steady as that of the gland itself under 
normal conditions. It is a true extract, 
not just desiccated gland, and is carefully 
freed of unwanted organic matter. 


Every lot of Proloid is metabolically 


pretested and potency variations are 
eliminated, to spare the patient the one 
extreme of jitteriness, tachycardia and 
nervousness due to unwitting overdosage, 
or the other extreme of recurrent hypo- 
thyroidism due to unwitting under- 
dosage. 

Proloid is doubly assayed: chemi- 
cally, to conform with U.S.P. standard 
of 0.2% iodine, and biologically, in test 
animals. 

Dosage: Same as ordinary thyroid, 
grain for grain. Available in 44, 14, 1, 
114 and 5 grain tablets; also in powder 
form, 


Proloid® 


THE IMPROVED THYROID 


¢ a L. ¢ FORMERLY THE MALTINE COMPANY 


ve. 


MORRIS PLAINS, NEW JERSEY 


) 


New effecti eness against 
N. SEA and VOMITING 


Eight of every ten cases of nausea and 
vomiting of pregnancy and of motion sick- 
ness treated with Apolamine have been ef- 
fectively controlled. Similarly, nausea and 
vomiting associated with radiation sick- 
ness, preoperative medication, alcoholic 
gastritis and cholecystitis have been coun- 


teracted in nine of ten cases in clinical trials. 


Apolamine has a fourfold action 


against nausea and vomiting: 


Anticholinergic ++» scopolamine and atropine 
Sedative... Luminal® 
Analgesic... benzocaine (reduces gastric irritability) 


Nutritional... pyridoxine, nicotinamide, riboflavin 


Average adult dose: 1 tablet up to three times daily, 
SUPPLIED : in bottles of 100 tablets. 


APOLAMINE 


ADEMA®RK 


NEW YORK 18, N. Y. WINDSOR, ONT. 


luminal, trademark reg. U.S, & Canada, 
brand of phenobarbital 
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